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ABSTRACT 


This  document  Is  the  second  speclsl  report  the  High  Altitude  Sampling  Program 
(HASP).  DASA-S33  wss  the  first  special  report.  iT  recallbrstion  of  the  U-2  ducts  hss 
diminished  the  previous  discrepancy  noted  in  the  flow  rates.  Absolute  values  of 
radionuclide  concentrations  are  Increased  8  to  13%  by  this  recsllbratlon.  A  discussion 
on  the  structure  and  nature  of  the  0.1  to  1.0  micron  family  of  naturally  occurlng 
stratospheric  aerosol  is  presented.  This  dust  layer  of  ammonium  sulfate  appears  to 
be  generated  in  the  stratosphere  and  may  play  an  important  role  in  lower  stratospheric 
fallout  processes.  A  detailed  discussion  of  stratospheric  concentrations  of  a  number 
of  nuclides  is  presented.  Sr-90  and  W-185  inventories  and  distributions  from  August 
19S7  to  May  1960  are  discussed.  By  May  1960  maximum  tungsten  values  are  found  in  the 
lower  altitude  equatorial  regions  while  maximum  strontium  values  are  found  in  the 
higher  altitude  polar  regions.  The  tungsten  stems  from  low  altitude  HA.tOTACK  shots 
only  while  the  strontium  appears  to  show  influx  from  Teak  and  Orange.  The  tungsten 
and  strontium  concentration  variations  shed  considerable  light  on  stratospheric 
mixing  processes.  Ba-140,  Sr-89,  and  Ce-144  concentrations  assist  in  determining 
the  age  of  debris  and  thus  allow  following  of  stratospheric  mixing  and  transfer 
processes.  A  number  of  definite  seasonal  effects  are  noted.o.  Tsswefer  free  the 

regions  is  gremtemb  during  the  winter  |n^all  but  ceases  during 
the  fall.  Various  possible  modes  of  tropospherlc-strstosphe:  ic  Interchange  are 
discussed.  A  detailed  discussion  of  fallout  from  Teak  and  O:  ange  debris  is  presented, 
Rh-102  data  suggests  at  least  10%  of  Orange  was  in  t.-.e  lower  stratosphere  by  May  1980. 
Os-144  and  Sr-90  data  suggests  that  25%  of  the  debris  in  the  polar  regions  in  early 
1960  was  from  Teak  and  Orange.  A  half  residence  time  of  aboi  t  5  years  in  the 
mesosphere  for  Teak  and  Orange  is  suggested.  Entry  into  the  lower  stratosphere 
apparently  proceeds  through  rapid  downward  mixing  in  the  polar  regions  during  the 
winter  night.  A  study  of  natural  radionuclides  in  the  stratosphere  is  presented 
and  assists  in  measurement  of  stratospheric  processes.  Elements  studied  include 
C-14,  H-3,  Pb-210,  Be-7  and  P-32.  Bo-7  and  P-32  concentrations  in  the  str  tosphoro 
are  about  that  expected  from  cosmic  ray  production.  Pb-210  in  the  stratosphere  aay 
Partially  result  from  equatorial  bomb  tests.  Comments  are  made  on  surface  fallout 
measurements  which  corroborate  the  HASP  measurements.  Seasonal  and  latitudinal 
effects  are  noted.  The  contribution  of  French  tests  are  calculated.  The  ha::ard 
of  radioactive  fallout  is  assessed  by  nuclide  and  dose  type.  The  30  year  genetic 
or  whole  body  dose  in  the  U.  S.  from  Cs-137  and  elements  of  shorter  half  life  is 
shown  to  be  less  than  100  millirem  or  less  than  3%  of  the  natural  background.  The 
lifetime,  70  year,  somatic  bone  dose  to  children  in  the  U.  S.  is  shown  to  be  about 
200  millirem  of  which  half  is  from  Sr-90.  This  is  less  than  2%  of  the  population 
MPD.  Finally  several  appendices  provide  U-2  operational  scenes,  useful  constants 
and  conversion  factors,  and  a  sumawry  of  nuclear  detonations. 


AD  606182 


TBCHNICAL  ANALYSIS  REPORT 
DASA-539  B 


SECOND  SPECIAL  REPORT  ON  THE 
HIGH  ALTITUDE  SAMPLING  PROGRAM 
(HASP) 


by 

Major  Albert  K.  Stebblna,  III 
RADIATION  DIVISION 


Defense  Atomic  Support  Agency  Technical  Analysis  Reports  are  documents  which 
have  been  prepared  as  preliminary  reports  by  one  person  or  a  group  assigned 
to  Headquarters,  DASA.  They  are  prepared  to  summarize  or  analyze  a  Irrge 
amount  of  data  and  are  designed  to  present  In  a  concise  form  the  Information 
available  with  the  conclusions  that  may  be  drawn  therefrom.  They  are 
distributed  to  authorised  agencies  engaged  In  the  same  general  field  of 
endeavor.  They  have  been  reviewed  within  DASA  Headquarters  but  do  not 
necessarily  represent  the  final  decisions  or  policies  of  the  Chief  of  DASA. 


Copies  of  this  report  may  be  obtained  from  ASTIA  or  TISE  or  may  be  purchased 
from  the  Office  of  Technical  Services,  U.  S.  Department  of  Commerce, 
Washington  25,  D.  C. 


This  document  was  previously  published  as  DASA  539S  "Second  Special  Report,  to 
the  Goverament  of  Argentina". 


1  August  1961 

HEADQUARTERS,  DEFENSE  ATOMIC  SUPPORT  AOSNCT 
WASHINGTW  25,  D.  C. 


1 


ABSTRACT 


This  document  is  the  second  special  report  on  the  High  Altitude  Sampling  Program 
(HASP).  DASA-532  «'as  the  first  special  report.  A  .'cca  1  Ibrat  Ion  of  the  U-2  ducts  has 
diminished  the  previous  discrepancy  noted  In  the  flow  rates.  Absolute  values  of 
radionuclide  concentrations  are  increased  8  to  13%  by  this  reca  1 1  bra t Ion .  A  discussion 
on  the  structure  and  nature  of  the  0.1  to  1.0  micron  family  of  naturally  occurlng 
stratospheric  eerosol  Is  presented.  This  dust  layer  of  ammonium  sulfate  appears  to 
be  generated  In  the  stratosphere  and  may  play  an  Important  role  In  lower  stratospheric- 
fallout  processes.  A  detailed  discussion  of  stratospheric  concentrations  of  a  number 
of  nuclides  Is  presented.  Sr-90  and  W-185  Inventories  and  distributions  from  August 
1957  May  1960  are  discussed.  By  May  1960  maximum  tungsten  values  are  found  In  the 
lower  altitude  cc^uatorlal  regions  while  maximum  strontium  values  are  found  In  the 
higher  altitude  polar  regions.  The  tungsten  stems  from  low  altitude  HARDTACK  shots 
only  while  the  strontium  appears  to  show  influx  from  Teak  and  Orange.  The  tungsten 
and  strontium  concentration  variations  shed  considerable  light  on  stratospheric 
mixing  processes.  Ba-140,  Sr-89,  and  Ce-144  concentrations  assist  in  determining 
the  age  of  debris  and  thus  allow  following  of  stratospheric  mixing  and  transfer 
processes.  A  number  of  definite  seasonal  effects  are  noted.  Transfer  from  the 
tropics  to  the  polar  regions  Is  greatest  during  the  winter  and  all  but  ceases  during 
the  fall.  Various  possible  modes  of  tropospheric-stratospheric  Interchange  are 
discussed.  A  detailed  discussion  of  fallout  from  Teak  and  Orange  debris  Is  presented. 
Rh-102  data  suggests  at  least  10%  of  Orange  was  In  the  lower  stratosphere  by  May  1960. 
C«-144  and  Sr-90  data  suggests  that  25%  of  the  debris  In  the  polar  regions  In  early 
1960  was  from  Teak  and  Orange.  A  half  residenc*  time  of  about  5  years  in  the 
mesosphere  lor  Teak  and  Orange  is  suggested.  Entry  into  the  lower  stratosphere 
apparently  proceeds  through  rapid  downward  mixing  In  the  polar  regions  during  the 
winter  night.  A  study  of  natural  radionuclides  In  the  stratosphere  Is  presented 
and  assists  In  measurement  of  stratospheric  processes.  Elements  studied  Include 
C-14,  H-3,  Pb-2 10 ,  Be-7  and  P-32.  Be-7  and  P-32  concentrations  In  the  stratosphere 
are  about  that  expected  from  cosmic  ray  production.  Pb-210  In  the  st rat opphe re  nay 
partially  result  from  equatorial  bomb  tests.  Comments  .i.e  made  on  surface  fallout 
measurements  which  corroborate  the  HASP  measurements.  Seasonal  and  latitudinal 
effects  are  noted.  The  contribution  of  Frencn  tests  are  calculated.  The  hazard 
of  radioactive  fallout  Is  assessed  by  nuclide  and  dose  type.  The  30  year  genetic 
or  whole  bodv  dose  In  the  U.  S.  from  C8-137  and  elements  of  siiorter  half  life  Is 
ahown  to  be  le.ss  than  100  mllllrem  or  less  than  3%  of  the  natural  background.  The 
lifetime,  70  year,  somatic  bone  dose  to  children  in  tiie  U.  S.  is  shown  to  be  about 
200  mllllrem  of  which  half  Is  from  Sr-90.  This  Is  less  than  2%  of  the  population 
MPD.  Finally  several  appendices  pro'/lde  U-2  operational  scones,  useful  constants 
and  conversion  factors,  and  a  summary  of  nuclear  detonations. 
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This  document  was  previously  issued  under  the  title,  "Second  Special  Report 
to  the  Government  of  Argentina".  Several  minor  corre  ctions  ht\ve  been  made  at 
various  places  in  the  text.  In  addition,  a  short  section  has  been  appended  to 
Chapter  X  which  discusses  HASP  soil  studies  and  another  to  Chapter  XI  wiilch 
discusses  possible  biological  exposure  from  future  tests.  :t  should  be  pointed 
out  that  all  conclusions  In  this  report  are  based  on  weap^jns  testing  conducted 
prior  to  1  August  1961.  Se\ jral  calculations  were  made  on  the  assumption  that 
no  further  atmospheric  testing  would  be  conducted  after  that  date. 
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Chapter  I 


INTRODUCTION 

Background 

Since  1957,  the  Defense  Atomic  Support  A;;ency  has  conducted  an  atmospheric 
sampling  program  using  U-2  aircraft.  Known  as  the  High  Altitude  Sampling  Program 
(HASP),  its  purpose  has  been  to  determine  the  role  played  by  the  stratosphere  in 
the  world-wide  distribution  of  fission  products  from  nuclear  explosions.  HASP  has 
been  an  integral  part  of  the  coordinated  program  of  study  of  atmospheric  radio¬ 
activity  which  is  being  conducted  by  the  United  States  Government^^^. * 

The  purpose  of  this  publication  is  to  report  some  of  the  observations  made 
during  Phases  IV  and  V  of  HASP  and  the  conclusions  to  be  drawn  from  them.  Since 
June  1960,  the  semiweekly  collection  scliedule  has  been  curtailed  and  the  DASA 
program  has  merged  with  studies  being  Jointly  conducted  by  the  U.  S.  Atomic  Energy 
Commission,  the  U.  S.  Weather  Bureau,  and  the  Air  Force  Cambridge  Research  Lab¬ 
oratory  (AFCRL).  Semiannual  spot  checks  at  various  places  in  the  world  are  being 
conducted  under  this  Integrated  program.  Analyses  of  the  samples  obtained  are 
conducted  at  several  laboratories,  both  contract  and  government.  Radlocliemlcal 
analyses  as  well  as  particle  size  distribution  and  particle  composition  studies  are 
in  progress.  Anton^^^  has  reported  the  broad  scope  of  the  overall  program. 

The  details  of  operation  of  the  HASP  meridional  network  and  the  analytical 
procedures  used  to  obtain  the  HASP  data  have  been  outlined  in  the  previous  special 
report  (OASA  532)  and  will  not  be  repeated  here.  Some  of  the  results  previously 
reported will  be  included  to  provide  some  continuity  to  the  reader.  A  brief 
resume  of  the  results  obtained  since  1  Janu8u*y  1960  and  the  contents  of  this 

*  All  references  are  listed  in  Appendix  IV. 


1 


report  follows 


Recslibratlon  of  Ducts 

Durinj  the  course  of  analj’ses  of  filter  papers  taken  from  the  nose  and  hatch 
ducts  on  the  U-2  aircraft,  a  noticeable  discrepancy  appeared  In  the  activity  of 
simultaneously  exposed  samples.  It  was  felt  that  this  discrepancy  (about  20%  more 
activity  on  the  hatch  papers)  was  due  to  an  Improper  calibration  of  the  air  flow 
rates  through  the  ducts.  A  rocallbratl on  program  was  completed  which  produced  new 
flow  rates  In  a  direction  which  has  tended  to  cut  the  discrepancy  In  half.  In 
addition,  the  Inventories  previously  described  are  about  13%  too  low.  At  the 
present  time  all  the  flow  rates  for  papers  collected  since  19S7  are  beln^;  recalculated. 
Tlie  final  report  on  the  tlASP  program  (DASA  1300  In  about  six  volumes,  to  be  pub¬ 
lished  In  the  fall  of  1961)  will  contain  all  of  tne  HASP  data  with  recalibrated  flow 
rates.  An  attempt  will  be  made  In  this  report  (OASA  539)  to  distinguish  clearly 
between  data  that  has  resulted  from  recalculated  duct  flows  and  that  which  has  not. 

In  general,  all  data  from  Phase  V  result  from  recalculated  flow  rates  while  data 
from  previous  phases  do* not. 

Stratospheric  Aerosol 

Oust  particle  collections  suitable  for  study  with  electron  microscopes  and  with 
electron  microprobes  have  been  made  since  January  1960.  These  studies  made  by 
Frlend^^^^  at  Isotopes,  Incorporated,  and  by  Junge,  et.  al. at  APCRL,  have  con¬ 
firmed  previous  balloon  Investigations^^)  which  show  a  layer  of  stratospheric 
aerosol  with  a  maximum  concentration  at  about  60,000  feet.  The  composition  appears 
to  be  a  sulfate  of  ammonia  produced  in  the  stratosphere  by  the  action  of  ozone  or 
sunlight  on  hydrogen  sulfide  and  sulfur  dioxide.  These  particles  may  play  an 
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Inpt^rtaiit  rolo  In  acaven^ln^  of  raJluactlve  particles  frois  the  lower  stratosphere. 

This  report  will  contain  a  discussion  of  these  results  and  tholr  Implication  on 
stratospheric  residence  times. 

Hadlochomical  Analyses 

Since  one  of  the  major  k^oals  of  HASP  has  Iteen  to  obtalt  the  s  t  r  a  tf)Hphe  r  1  c 
distribution  of  Sr-90  as  a  function  of  time,  those  data  will  l»e  ro;v)rted  aion.^'  with 
a  discussion  of  tholr  s  1  t{n  1  f  1  cance .  Tunnston-lH5  Injected  Into  the  troplcpl 
stratosphere  In  1958  provided  a  unique  tracer  to  follow  a  test  series  without  ol>-- 
scuratlon  by  other  tests.  These  data  and  their  Implications  will  be  reported.  A 
resldonce  half-time  of  less  than  one  year  for  lower  tropical  stratospheric  ln]cctl(jris 
Is  suiii^ostod  by  those  data  with  movement  out  of  the?  tropical  stratosphere  by  turbulent 
dlffuslon^®^  rather  than  'Brewei — Dobson  circulation.  Incursions  of  i>i — 90 

from  Teak  and  Oranqo,  the  two  hl>{h  altitude  mi*^aton  bursts  of  the  HAJtDTACK  test 
series,  are  noted  In  l)Oth  the  Northern  and  Southern  hemispheres  with  the  maxima 
occurring  at  the  hlt'hest  altitudes  and  hl^;host  latitudes  sampled.  Another  tracer, 
Rli-102,  produced  In  the  0ran>{o  shot  Is  detected  ar.d  allows  a  measure  of  the  resident  e 
time  of  debris  in  the  mesosphere  to  be  calculated. 

Other  fission  product  nuclides  auch  as  Sr-H9,  Co- 144,  and  Cs-L37,  as  well  as 
plutonium,  have  lK*en  detected.  Use  of  some  of  these  nuclides  to  determine  the  a^je 
of  debris  in  the  stratosphere  assists  In  descrlbini;  the  mlxlnq  and  transfer  of  the 
debris  from  place  to  place  within  the  stratosphere  and  Into  the  troposphere.  A 
fairly  well  documented  picture  as  eroert;ed  which  allows  a  selection  from  amotu;  the 
various  thcMJrles  of  stratospheric-  mlxlnt;  which  have  been  proposed. 

Certain  radionuclides  such  as  Be-7,  P-32,  C- 1 4 ,  H-3  ,  and  Pb-210,  occur  as 
natural  by-products  of  cosmic  radiation  and  decay  of  radon.  Some  arc-  also  produced 


In  nuclear  detonations.  Concentrations  of  these  nuclides  have  been  Measured  both 
In  the  stratosirtiere  and  at  sea  level.  A  discussion  of  their  distribution  sheds 
additional  light  on  the  stratospheric  and  tropospheric  mixing  processes. 

Surfaco  Meaaureaents 

A  number  of  studies  of  radioactivity  In  rain  and  air  samples  collected  at  the 
surface  of  the  earth  have  been  undertaken  by  many  Investigators  since  19S4.  The 
major  fraction  of  the  fission  products  measured  In  these  programs  has  undoubtedly 
coaie  from  nuclides  which  were  oi'iglnally  Injected  Into  the  stratosphere.  Many  of 
the  results  of  these  surface  programs  are^  consequently;  directly  related  to  strato¬ 
spheric  processes.  An  attempt  will  be  made  to  compare  some  of  these  results  with 
HASP  results.  One  Important  phenomenon,  namely,  the  apparent  rise  In  rate  of 
fallout  during  the  springtime,  will  receive  considerable  attention. 

Biological  Hazard 

One  goal  of  fallout  measurement  under  the  HASP  and  othet  programs  has  been 
the  assessment  of  the  biological  hazard  associated  with  fallout.  Sufficient  time 
has  elapsed  since  the  last  large  testing  series  and  sufficient  measurements  have 
been  made  In  a  variety  of  samples  and  locations  to  make  rather  accurate  estimates  of 
the  biological  doses  to  be  expected  from  the  past  nuclear  weapons  tests.  The  most 
significant  Isotopes  as  far  as  Internal  irradiation  Is  concerned  Include  dr-90, 
Cs-137,  1-131,  C-14,  and  possibly  plutonium.  For  external  exposure,  the  significant 
isotopes  are  Cs-137,  Zr-9S,  flu- 103,  Ru-106  and  Ce-144.  An  evaluation  of  the  amount 
and  typo  of  dose  to  be  expected  from  each  of  these  isotopes  will  be  presented. 

4 

Mfhile  no  attempt  will  he  made  to  minimize  the  hazard  It  will  be  seen  that  these  doses 
from  world-wide  fallout  are  small  when  compared  to  the  dose  received  from  the  ever 
present  natural  background  of  radiation  from  cosmic  rays  and  rocks. 
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Chapter  II 


CAUBRATIW  OF  U-2  DUCTS 

Introduction 

During  the  course  of  the  HASP  program  attempts  have  been  made  to  determine 
accurately  the  flow  of  air  through  the  filter  paper  (IPC-1478)  used  In  the  sampling 
ducts  of  the  U-2.  Originally  a  theoretical  relationship  was  used  based  on  an 
extrapolation  of  data  obtained  from  the  P-33  sampler,  a  wlngtlp  sampler  which  can  be 
mounted  on  T-33  or  B-57  aircraft.  This  sampler  had  been  previously  calibrated  In  a 
wind  tunnel.  Since  there  was  some  doubt  as  to  the  validity  of  the  extrapolation,  It 
was  decided  to  Instrument  the  ducts  and  measure  directly  the  face  pressure  and 
pressure  drop  across  the  filter  paper  under  sampling  conditions.  Tltls  program  was 
undertaken  at  Laughlln  Air  Force  Base,  Texas,  In  1958.  The  results  of  this  calibra¬ 
tion  were  reported  In  DASA-532. 

After  1  June  1959,  a  series  of  dual  samplings  using  both  the  nose  and  hatch 
samplers  on  the  U-2  was  performed.  It  became  increasingly  obvious  that  the  activity 
concentration  on  the  hatch  filter  papers  was  about  20%  higher  than  che  activity  on 
the  nose  filter  papers.  Since  the  papers  were  exposed  simultaneously.  It  was 
expected  that  equal  activities  would  be  obtained.  The  calibration  data  for  these 
ducts  showed  the  linear  velocity  of  flow  through  the  nose  to  be  about  20%  higher  than 
through  the  hatch.  Since  this  difference  could  account  for  the  noted  discrepancy.  It 
was  decided  to  recalibrate  the  ducts  (of  the  sam^  aircraft  previously  calibrated) 
under  better  conditions. 

Instrumentation 

The  nose  duct  has  a  circular  opening  3.75  Inches  In  diameter,  while  the  hatch 
duct  has  an  elliptical  opening  8.25  by  4.75  Inches.  (See  Fig.  1)  When  the  duct 
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doors  sr«  opsn  an  obstruction  0.25  Incbss  high  ronslns  across  tbs  cantor  of  tha 
opanlns*  Tba  ducts  gradually  wldan  until  tha  filtar  papors  ara  raachad.  Tha 
affoctiva  filtar  araas  ara  0.55  and  1.3S  ft  for  tba  nosa  and  hatch  ducts 
raspactivaly. 

An  instruaant  tboatar  suppliad  by  tba  Aaas  laboratory  of  NASA  containing  an 
altiaatar,  alrspaad  indicator,  clock,  2  taaparatura  guagas  (fraa  air,  tbaatar), 
and  8  prassura  instruaants,  was  installad  in  tha  aquipaant  bay  of  tha  aircraft 
abova  tha  hatch  duct.  Tha  instruaants  wora  photograpbad  in  a  mirror  by  a  caaora 
aountad  in  tha  plana  of  tba  instruaants.  Prassura  linas  connactad  tha  instruswnts 
to  tha  pitot-static  systaa  and  to  small  opanlngs  in  aach  duct  at  tha  antranca  and 
imasdiataly  fora  and  aft  of  tba  filtar  papar.  Poppat  valvos  to  protact  tha  instru- 
mants  whan  not  in  usa  wara  also  Installad.  Piguras  2,  3,  and  4  show  tha  installation 
from  tha  faca,  top,  and  bottom  raspectlvaly.  Figure  5  shows  tha  arrangamant  of  tha 
plumbing  in  tha  recording  system.  Six  of  tha  prassura  instruments  Wara  actually 
alrspaad  meters  of  the  standard  drum  type  and  two  ware  hallcoptar  alrspaad  maters 
for  accurate  maasuramants  in  tha  low  range. 

Msults 

The  calibration  flights  wara  carried  out  under  the  supervision  of  Professor 
llliott  O.  Raid,  of  Stanford  University,  at  Edwards  Air  Force  Base,  California, 
during  Jbly  1960.  Several  flights  were  made  at  varying  airspeeds  and  altitudes  st 
light  and  heavy  aircraft  weight  using  precallbratad  filter  papers  of  nearly  equal 
bulk  density  and  perforated  plates  of  varying  porosity. 

Reduction  of  the  data  was  performed  by  the  method  described  by  Reld^^' 

Basically  this  asKKints  to  measuring  the  pressure  drop  across  the  filter  in  flight 
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and  then  «^rralnl hk  the  velocity  of  flow  throuKh  the  paper  from  a  presaure  drop- 


velocity  characterlat 1 c  curve  determined  by  wind  tunnel  calibration  of  the  filter 
paper  uaed  In  the  duct. 

Tlie  flight  data  obtained  are  remarkably  conalstant  attestlnK  to  the  excellence 
of  the  Instrumentation.  The  pressure  at  the  face  of  the  nose  filter  was  about  97% 
of  stagnation  pressure  and  the  pressure  drop  across  the  filter  varied  from  70%  to 
80%  of  the  dynamic  pressure.  As  a  result,  the  velocity  of  flow  through  the  filter 
was  70%  to  80%  of  the  maximum  possible  value  which  would  be  obtained  If  the 
pressure  at  the  face  were  at  the  stagnation  value  and  the  pressure  Immediately  aft 
were  at  the  ambient  value.  This  drop  In  efficiency  has  two  causes;  first,  the 
filter  paper  Is  sufficiently  porous  that  the  flow  velocity  Is  about  5%  of  the  free 
stream  velocity  so  stagnation  pressure  cannot  be  reached  and,  second,  there  Is 
considerable  back  pressure  In  the  duct  caused  apparently  by  the  manner  In  which  It 
exits  at  the  surface  of  the  aircraft.  The  nosr-  duct  flew  rates  seemed  to  be 
Independent  of  the  gross  weight  of  the  aircraft,  while  the  hatch  duct  flow  rates 
showed  a  change  with  gross  weight  of  only  a  few  percent. 

In  the  case  of  the  hatch  duct,  the  filter  paper  face  pressures  were  registered 
to  be  consistently  lower  lan  those  In  the  nose  duct  although  the  aft  pressures 
were  the  same.  As  a  consequence,  the  face  velocities  of  the  hatch  were  calculated 

to  be  about  10%  lower  than  those  of  the  nose  at  the  usual  sampling  speed  schedule. 

(2) 

Radiochemical  data  Indicate  that  the  face  velocities  should  be  the  same. 

There  are  several  p»osslble  explanations  for  this  difference. 

1.  The  face  velocities  may  really  be  different  and  the  radiochemical  data  Is 
In  error.  Ikial  filter  papers  sometimes  show  as  much  as  10%  difference  In  activity, 
although  the  average  difference,  using  the  recalibrated  duct  data.  Is  10%  more 
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activity  p«r  unit  volune  aampled  by  tha  hatch.*  (10%  laaa  volume  aampled  per  unit 
ai  ea  of  fl  1  ter) 

2 

2.  The  effective  areaa  of  the  filter  papera  aay  not  be  0.S5  and  1.38  ft  . 

Thla  poaalblllty  cannot  be  completely  ruled  out  although  autoradlographa  ahow 
uniform  denalty  of  activity  acroaa  the  filter  papera  and  aelected  aamplea  cut  frcai 
varloua  quadrants  at  different  distances  froa  the  center  of  the  paper  show  no  trend 
In  activity  density. 

3.  The  pressure  at  the  filter  face  In  the  hatch  (P5  In  Fig.  5)  may  have  been 

recorded  at  a  value  consistently  lower  than  the  actual  pressure.  It  Is  not  known 
how  much  the  asymmetry  of  the  hatch  duct  affects  the  pressure  around  the  periphery 
of  the  duct  In  the  vicinity  of  the  filter  face.  Only  one  take-off  point  for  the 
measurement  of  p^  was  available  while  a  two  point  manifold  situated  180°  apart  was 
available  for  the  same  measurement  In  the  noae  duct  Fig.  5).  The  nose 

duct  Is  more  symmetrical  than  the  hatch  duct.  The  difference  between  P2  and  P5  was 
about  9%  of  the  dynaul<  pressure. 

■i.  There  may  have  been  excessive  leakage  around  the  filter  papers  past  the 
Inflatable  seals. 

Figure  6  shows  the  flow  rates  based  upon  the  Reid  data.  Figure  7,  below, 
shows  the  effective  change  of  flow  in  each  of  the  ducts  compared  to  the  flow  data 
previously  published  In  DASA-532. 

Notice  that  the  hatch  flow  rates  have  been  reduced  about  8%  while  the  nose 
flow  rates  have  been  reduced  from  8%  to  18%  depending  upon  altitude.  The  effect 
of  this  change  has  been  to  Increase  the  HASP  inventories  from  10%  to  13%  over 
those  previously  reported.  The  anlyses  which  depend  upon  Isotopic  ratios  are 

*See  Case  5,  Table  I,  page  15 


1  1 


utiuffoctocl  If  itie  valuuM  fur  tho  twu  lautopes  are  taken  from  the  aame  paper,  ma 
1  y  the  liyual  practice. 

nic  effort  of  tho  variability  of  different  filter  papera  haa  been  ahown^^®^ 
to  amount  to  ’.eas  than  GH.  In  view  of  thla  fact  and  in  ll;;ht  of  tho  foroRoln*: 
dlscuaulon,  It  Is  felt  that  the  nose  flow  ratea  reported  here  are  to  ♦10% 

and  that  the  hatch  flow  rates  are  >jood  to  ♦20%,  -0%. 

FlK'uro  7 
OOCT  rUM  fACTi'Ki 

(fi»<;4Ubr*t»1 ) 


1 ntcrcurapar  1  son  with  the  U-57  Samplers 

Durlnj;  the  Air  Samplln*;  Program  1060^^^'^^^,  conducted  from  Klrtland  Air  Force 
Huso,  New  Uoxlco,  the  opportunity  presented  Itself  to  1 ntercomparo  the  Los  Alamos 
S(lentlflr  Lahorat('ry  and  F-33  air  sampling  equipment  mounted  on  B-57  aircraft 
with  the  nose  sampllnc  equipment  flown  by  U-2  aircraft  at  Minot  Air  Force  Base, 
North  Dakota. 

Three  LASL-U-2  nose  and  twro  LASL-F-33  1  ntercomparl  son  tests  wore  conducted 
In  March  19G0  and  tho  data  are  presented  In  Table  1.  For  cases  1  and  2  the  B-57 
aircraft  flew  In  close  proximity  to  the  U-2  and  the  liter  papers  were  exposed 
virtually  s 1 mvtl t aneous 1 y .  In  case  3  a  space  and  time  difference  existed  between 
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Table  1  Sampler  1 nt e rca 1 1  bra 1 1  ona 


lASL  -  U-2  Nose  Sampler  Cociparlaon  uf  Sr-‘JO  Data 
Case  1  Case  2 


Date : 

March  22,  1960 

March  29,  1960 

A 1 1 1 tude : 

10,000  feet 

10,000  feet 

Aircraft : 

B-57 

U-2 

D-57 

0-57 

U-2 

Filter  No: 

WB  091 

HASP  3  161 

Vim  133 

nm  13  1 

HASP  3  19  8 

Open  Lat. 

50°15'N 

50°17  'N 

16^07 'N 

13°30'N 

50" 1 7 ’ N 

Loni' . 

102O32’N 

102^31  ‘W 

0 

0 

0 

0 

100°30'W 

102°31  'Vlf 

Time 

1  100  Z 

1359  Z 

1512  Z 

1610  Z 

1500  Z 

Close  Lat. 

56^2  »'N 

56*^21  ‘N 

3H“  15  'N 

380 

38"0  1 ' N 

Long . 

107010  W 

102°03*W 

99^58 'V» 

99^58  'W 

ioo"3  rw 

T1  me 

1523  2 

1525  Z 

1700  Z 

1700  Z 

1716  Z 

8r-90  dpnv/lOOOSCF 

13. 94  1 . 3 

18.  54O.  5 

5  1. 7^1. 6 

53,641.6 

17. 74.0. 3 

Average : 

Difference  divided 

by  the  mean:  10% 


51. 24- 1 . 6 


13% 


Case  3 

Date:  March  29,  1960 


Altitude: 

Aircraft: 

15.000  feet 
D-57 

B-57 

U-2 

FI  Iter  No: 

WB  135 

WB  136 

HASP  3501 

Open  Lat. 

16"50'N 

■13"  15' 

'N 

38"l7 'N 

Long. 

100"30' W 

100°30' 

'W 

100"36’W 

Time 

1920  Z 

1950  Z 

1928  Z 

Close  Lat. 

•13"  15 'N 

■10"25' 

'N 

50" 1 7 ’ N 

Long. 

100^30 'W 

100"  15' 

'W 

102"31 'W 

Time 

1950  Z 

2020  Z 

2129  Z 

8r-90  dpia/lOOOSCF 

78.  142. 

1 

62.04 1 . 7 

Average : 

79. 242. 

1 

Difference  divided 

by  the  mean:  2'1% 
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Table  I  (Cont'd) 


Caac  1,  UlSL-r~33  Sampler  Comparison  of  Beta  Activity  (D-57) 

2 

Area  LASL  Sampler  Filter  Paper;  3.97 

Area  F-33  Sampler  Filter  Paper;  1.75  ft 


35,000  ft. . 


Sampllru;  Time  60  min..  True  Air  Speed  375  knola, 
Flow  Rato  1260  8CF  mln/ft^ 


LASL;  Left  sampler  787  c'm 
Rltjht  sampler  757  c/m 


2.62  c/m/ 1000  SCF 
2.52  c/m/1000  SCF 


F-33: 


Left  sampler  123  c/m  c-  3.20  c/m/'lOOO  SCF 
Rl^rfit  sampler  368  c/m  =  2.78  c^nb^lOOO  SCF 


15,000  ft, 


Sampllntj  Time  60  min.,  Tj^o  Air  Speed  320  knots. 
Flow  Rate  610  8CF/mlrv/ft^ 


LASL: 

Left  sampler 

1 195 

c/m  ■« 

30.9 

c/m/ 1000 

SCF 

Rl^ht  sampler 

1551 

c/m  « 

31.3 

c/m/ 1000 

SCF 

F-33: 

Loft  sampler 

19  15 

c/m  = 

30.8 

c/m/ 1000 

SCF 

Rl^ht  sampler 

2026 

c/m  = 

31.6 

c/m/ 1000 

SCF 

Case  5;  Comparison  of  Calculated  with  Measured  Relative  Collection  Efficiencies  of 
U-2  Hatch  and  /ose  Samplers  UsIhk  I960  Duct  Reca 1 1  bra 1 1  or _ 


Volume  and 

Activity  Ratios  of 

Hatch/Nose 

Volume 

Total  e 

Sr-90 

W-  185 

A 1 1 1 tude 
(feet) 


70,000 
65,000 
60 , 000 
55,000 
50,000 
15,000 
10,000 
30 , 000 

Avera^te 


2.28  (29) 
2.28  (125) 

2.26  (97) 

2.20  (30) 

2.21  (11) 

2.23  (9) 

2.26  (3) 

2.26  (  1) 

2.26  (311) 


2.51  (29) 

2.18  (12  1) 

2.50  (90) 

2.57  (29) 

2.51  (11) 
2.  11  (9) 
2.53  (3) 


2.50  (325) 


2.11  (28) 

2.  11  (122) 

2.51  (89) 
2.  11  (28) 

2.50  (38) 
2.31  (9) 
2.59  (3) 
2.00  (2) 

2.  17  (319) 


2.13  (15) 
2. 15  (56) 

2.52  (39) 

2.51  (6) 

2.  1 1  ( 12) 

2.38  (  1) 

2.58  (2) 
2.80  (1) 

2.17  (135) 


Cc-1  1  1 

2.37  (10) 

2.18  (26) 

2.58  (1  1) 

2.19  (10) 
2.50  (13) 
2.55  (3) 
3.18  (1) 


2.50  (77) 


The  number  of  .samples  Included  In  eath  average  are  t^lvcn.  It  Is  noted  that  the 
Hatch  has  an  apparent  collection  efficiency  which  Is  10%  ^;reater  than  that  of  the 
N  os  e . 
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t'lo  l)-r>7  and  tfu‘  L'-2,  unJ  It  raa>  imt  he  a  \,ullil  i  or.par  1  tnjn  (f  boniplln^  otjvj  1  prneti  t  . 
Case  I  shows  the  results  of  dual  U-f>7  lltchts  uslnp  LAfjL  and  K-.')d  dui-t.s. 

Since  a  1  saiiplors  used  the  sane  typ<“  of  filter  paper  ( I  PC  1  17H)  und  the 
lab<jratort  es  that  p<'rforT:ied  the  lsotopl<  ttnal>s«s  were  1  nter(  a  1  1  tirate  I ,  It  uppe.ii--, 
that  a  larc.e  part  of  ttie  d  l  f  f  c*  reiu  e‘s  In  'he  Sr-‘,K)  data  In  (  ases  1  and  2  ui€'  'ue 
either  to  dlfierences  In  the  evaluutlcjn  of  the  flow  rates  In  the  sar..plln)'  efjulptfiil 
or  to  ur  1  ahl  1 1  t>  of  the  Sr-tiO  concentration  in  tt.e  stratosphere.  The  1'-'’  data 
are  tiased  on  the  recalibrated  flow  rates. 

It  is  difficult  to  nake  an  accurate  apprai.sal  In  the  al)ser,ce  of  nore  data, 
but,  since  the  differences  in  the  s  inu  1 1  aneous  cotnparlsu  s  wen  relative!;,  s;ul,, 

It  can  be  assumed  that  the  L'-2  data  can  for  all  practical  purposes  hv  Inteiiiatec. 
with  the  Ii-57  data.  Further  data  obtained  dirini  Phase  V  substantiates  this 
cone  1  us  1  on . 

Flow  Characteristics  of  IPC  1  17H  Filter  Paper 

Durlht;  the  rcca  1  Itrat  Ion  prevran  two  pieces  of  IPC  1I7H  filter  paper  wt>li;hln,- 
2 

It. 3  K  rams  per  ft  were  testoci  for  their  pressure  drcp-flow  rate  characteristics. 

2 

The  results  are  shown  In  Fli;ure  H.  Tlie  reduced  pressure  drop  p '  i.  Is  plotted 
ajpalnst  where  ‘p  Is  the  pressure-  dre  p  In  psf,  v  Is  the  face  celoclty  In  ft  'sei 

and  7  and  w  are,  respec  1 1  ve  1  >  ,  the  relative  densll;.  and  relative  ciscoslt)  at  the 
face  of  the  filter.  An  analytical  expre.ssloi;  which.  Qccuiatel)’  describes  this 
result  Is; 

a'p'c^  ^  0.r)77  ♦  O.dGG  -V  I  -  0.12  (1) 

This  expression  can  also  be  used  to  fit  the  average  value  curve  by  Van  den  Akker 
previously  reported  In  DASA-5d2  an J  UA5A-11GH  and  is  an  Independent  check  of  that 
work . 


If 


^  f  /i^'T  {f^i) 


stern  haJi  ropxjrtocl  filter  efficiencies  and  proHnure  drop-flow  rate  charac- 

(2J  ) 

torlstlcs  of  IPC  147H  filter  paper  at  low  flow  rates.  His  uonerallzed  expression 

for  flow  converted  to  Kii*{ll3h  units  Is; 

V  .=  •.  p  (1  ♦  28.65/p)  (2) 

whe  'o  V  la  the  tare  velcjclty  In  ft.'aei  and  p  atid  p  are,  respoc;  1 1  ve  ly ,  the  pressure 
drop  and  face  proaauro  In  psf.  It  can  bo  seen  that  equations  (1)  and  (2)  are  not 
compatible  sliue  one  Is  a  quadratic  and  the  other  Is  linear  and  also  one  is  an 
Implicit  furulion  of  th<>  temperature  (x  depends  on  the  absolute  temperature  alone) 
while  the  uthei  is  Independent  of  temperature.  for  sea  level  conditions  (SL  on 
8)  equation  (1)  approaches  equation  (2)  as  ait  asymptote  and  Is  loss  than  10%  off 
below  ■,  p  equal  to  3  psf  (1.47  cm  H2O,  the  hlifhost  value  of  o  p  reported  by  Stern). 

Fur  conditions  at  hlijher  altitudes  and  pressure  drops  ijreater  than  3  psf  equation 
(2)  does  not  nlve  reliable  results,  as  Stern  was  careful  to  point  out.  Table  II  shows 
the  results  of  calculations  of  face  velocity,  v*,  usln^  Reid's  duct  data  at  various 
altitudes  compared  to  values  of  face  velocity,  v,  using  Stern's  expression  extended 
to  higher  pressures. 

Values  as  much  as  76%  different  appear  when  p  Is  as  high  as  76,5  psf.  One 
explanation  or  this  difference  is  the  possibility  of  compaction  of  the  filter  fibers 
toward  the  rear  of  the  paper  when  exposed  to  a  large  pressure  drop  with  a  subsequent 
decrease  In  effective  porosity.  In  addition,  flow  at  high  pressures  Is  probably 
quite  turbulent, 

(22 ) 

Tlie  aerosol  efficiency  reported  by  Stern  confirms  the  previously  reported 

iiotlon  that  the  filters  in  the  U-2  ducts  are  very  nearly  100%  efficient  for  collecting 
particles  In  the  0.1  to  1.0  micron  range. 
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Table  II 


Comparlaon  of  Face  Velotltlea 


A  1  tl tud« 

36K 

12K 

IHK 

55K 

61K 

07K 

70K 

LAS 

180 

180 

160 

1  10 

130 

120 

1  10 

P 

570 

153 

3  12 

256 

200 

156 

132 

‘.P 

76.  5 

77.  1 

62.5 

19.7 

11.5 

39.3 

33.9 

V 

80.5 

82.0 

67.8 

55.  2 

51.0 

16. 5 

11.2 

a 

V 

15.6 

19. 6 

16.6 

12.  5 

11.3 

38.2 

35.4 

v/ V* 

1.76 

1.65 

1.  15 

1 . 30 

1 . 23 

1 . 22 

1 .  16 

A 1 1 1 1  ude 

J6K 

12K 

18K 

55K 

OIK 

G7K 

70K 

IAS 

100 

100 

100 

100 

100 

100 

100 

P 

506 

388 

297 

228 

179 

1  12 

126 

*.P 

2  1.  1 

2  1.6 

25. C 

25.6 

26.6 

27.8 

28.  7 

V 

25.5 

26.2 

27.  1 

28.8 

30 . 9 

33.  1 

35.2 

• 

21.1 

22.7 

2  1.  1 

26.  1 

28.  1 

29.8 

30.9 

v/ V* 

1.21 

1.15 

1.  16 

1.09 

1  .  10 

1 .  12 

1.11 

V  1  s 

face  velocity  according 

to  Stern' 

'b  method. 

V*  Is  face  velocity  accordlnj;  to  Reid's  method. 
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Chapter  III 


NATIIKAL  STRATOSPHERIC  IXJST 


I  nt  roduct 1  on 

During  the  HASP  program  a  subsidiary  study  to  measure  the  characteristics  and 
distribution  of  stratospheric  particulate  matter  has  been  carried  on.  Originally  th® 
effort  was  aimed  at  determining  the  size  distribution  of  the  radioactive  particles 
which  were  being  sampled.  It  was  felt  that  this  characteristic  of  the  radioactive 
debris  might  play  an  Important  part  In  the  sampling  efficiency  of  the  IPC  1178  filter 
paper  In  use  In  the  sampling  ducts.  Some  of  these  results  were  reported  previously 
In  □ASA-S32.  Particles  In  the  size  range  0.01  to  1.0  microns  were  encountered  but  they 
could  not  be  directly  correlated  with  the  sampled  radioactivity.  Based  on  a  number 
of  considerations,  the  conclusion  was  drawn  that  the  filter  paper  was  very  nearly 
100%  efficient  In  trapping  the  particulate  radioactive  debris  sampled.  This  study 
has  lead  Into  an  Investigation  of  the  naturally  occurring  stratospheric  dust. 

Junge  has  suggested  that  the  'natural  population  of  the  stratosphere  consists 

of  three  families,  one  of  tropospheric  origin  In  a  size  range  of  less  than  0.1  micron, 
one  of  stratospheric  origin  In  a  size  range  between  0.1  micron  and  1.0  micron,  and 
one  of  extraterrestrial  origin  In  a  size  range  greater  than  1.0  micron.  Using  a 
balloon  borne  Altken  ccxjntcr  sensitive  In  the  0.01  to  0.1  micron  region,  Junge  has 
shown  that  the  concentration  of  the  "tropospheric"  particles  diminishes  with  Increasing 
height  above  the  tropopause  to  1 /10th  the  upper  tropospheric  concentration  within 
13,000  feet  above  the  tropopause.  (See  Fig.  9)  Vertical  structure  In  the  particle 
concentration  profile  suggests  horizontal  layering  of  clear  stratospheric  air  with 
the  more  contaminated  tropospheric  air  and  further  suggests  some  type  of  horizontal 
mixing  between  the  t  rojioH  {iho  re  and  stratosphere  In  the  mld-latltudc  regions  sampled. 
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UainK  a  balloon  borne  General  Mllla  Impactor  with  peak  collection  efficiency 
near  0.15  elcron,  Jun*e^^^^  haa  alao  ahown  the  exlatence  of  a  duat  layer  extending 
from  above  the  tropopauae  to  around  HO, 000  foot,  with  maximum  concent  rat  1  one  near 
65,000  feet.  (See  Fig.  10)  Uaing  an  Electron  Mlcroprobo  Analyzer,  theae  partlclea 
were  ahown  to  contain  aulfur,  probably  In  the  form  of  ammonium  aulfate.  Junge 
Buggeata  that  theae  partlclea  are  formed  within  the  layer  where  they  appear  by  a 
primary  proceaa  of  oxidation  of  H2S  and  SO2  Introduced  by  diffusion  through  the 
tropopauae.  The  aulfur  density  In  the  balloon  collections  was  shown  to  be  about 
3  X  10  gma/cm^  Compared  to  1000  x  10  gms''cm^  of  gaseous  sulfur  cooponents  In 
the  high  troposphere. 

Aircraft  Sampling 

Since  January  1960  two  U-2  aircraft  used  In  HASP  sampling  have  had  probes 

Installed  on  a  mount  near  the  nose  of  the  aircraft  (See  Fig.  1  for  location  of  mount) 

The  sampler  consl-ts  of  a  removable  cartridge  housing  two  retractable  Impaction 

2  2 

aurfacea,  one  of  1.2  cm  area  and  one  on  the  tip  of  0.5  cm  area  (See  Fig.  11).  The 
Impaction  surfaces  are  extended  and  withdrawn  s  1  mu  1 1 aneou.s  1  y  by  the  pilot  after 
reaching  the  sampling  altitude. 

Collection  haa  been  at  the  rate  of  about  one  exposure  every  two  weelcs  for  3 
to  7  hours.  Alternate  aamplea  are  analyzed  at  Isotopes,  Inc,,  and  at  AKCRL.  The 
results  oblalned  by  Friend  and  Sherwood^ at  Isotopes,  Inc.,  are  reported  below. 

The  Impaction  surfaces  consisted  of  fonavar  films  coated  on  200  mesh  gold  screen 
From  each  sample  four  1^8  Inch  discs  were  punched  for  use  as  electron  microscope 
specimens.  Several  electron  micrographs  of  each  specimen  wore  made  In  an  effort  to 
ensure  represertatl veness  for  particle  size  -  frequency  measurements.  Electron 
micrographs  of  some  typical  atratojpherlc  particles  are  shown  In  Figure  12. 
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Figure  11  Dust  Probe  Cartridge 


Fl^re  12  Electron  Photon!  crof:raphs  of  Sample  W-1  1  (5000X) 


Most  of  those  pnrttcloB,  which  hove  radii  In  the  rariK®  from  leas  than  0.10 


"Icrcjn  to  1  .  f)  microns,  >jave  electron  diffraction  patterns  cor  res  pondl  n>t  to 
■immonlnm  {>o  rsu  1  f  a  t  o  ,  { Nil  j )  nh  2^j4  ■  -Some  of  the  particles  wore  shown  to  be  ammonium 
sjlfato,  (NHj)2  ^>0 1 ,  by  measurement  of  crsstal  anttlos  and  by  electron  diffraction. 

The  sulfate  and  [>ersulfate  particles  were  hy^’ roscopl  and  wore  found  to  be 
stjt.iewhat  \’olatlle  In  the  electron  beam.  Tlie  Identification  of  sulfate  and  persulfate 
us  const  1 tutents  of  stratospheric  particles  represents  an  Independent  corroboration 
c5f  the  work  of  Junt;e  and  c'o-workers. 

Few  of  the  particles  with  radii  ^'reater  than  1 .  f>  microns  contain  sulfate.  Most 
of  the  .e  larpo  purtlc  les  have  a  hUr)>er  electron  optical  density  and  more  Irregular 
outllrios  than  the  silfate  particles.  Occasionally  spheres  of  hl^b  denslt>  with 
dlacnetera  smaller  than  one  micron  were  fousd.  It  Is  p>ossl(  e  that  scxne  of  these 
nonsulfate  partlc  les  are  extraterrestrial  In  origin. 

The  particles  as  they  up^)earod  In  the  electron  micrographs,  were  counted  and 

classified  accordlni;  to  radius.  TTic  number  of  particles  In  each  class  was  corrected 

for  Impactlcjn  efficiency  for  a  cylindrical  surface  according  to  the  methcxl  of  Ranz 

ai.d  Wong^^'*^  using  a  particle  density  of  2  gm,''cni^.  The  derujlty  of  (NHj)2  ^20^^  Is 

1.9H2,  that  of  (SHjIjSOj  Is  1.760.  Bccauso  the  Impaction  efficiency  for  particles 

smaller  than  0.1  micron  radius  Is  very  small  (•<’%)  the  lower  Unit  of  radius  of  particles 

classified  was  0.1  micron.  figure  13  shows  the  average  distribution  of  particle  radii 
_ ^ _  3 

plotted  as  d(log  r)  per  cm  (concentration)  vs  r  (radius),  where  dn  Is  the  number 
of  particles  per  cr"^  of  air  with  radii  In  the  Interval  d(log  r)  .  The  dashed  portion 
of  the  distribution  repiesents  an  extrapolation  from  0.16  to  0.10  micron  radius.  In 
all,  the  results  of  c  1  ass  1  f  1  ca 1 1  cjn  of  sixteen  samples,  covering  the  altitude  range 
between  50,000  and  70,000  feet,  were  ised  to  compute  the  average  distribution  of  particle 
radii.  For  nltitules  lower  than  60 , OOO  feet  the  collection  efficiencies  for  particles  with 
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radii  less  than  one-  nlcron  arc  1 1)%  and  atron/ly  depondont  upf)n  altitude.  For  this 
ri'a.'.on  the  portion  of  the  distribution  curve  sh<5un  In  FlK’ure  Id  for  radii  les.s  than  n, 
"•.Icriin  was  doten'ilnod  primarily  by  tho  result.s  of  nine  somple.s  all  colleited  at  mean 
altitudes  Kroater  than  hi, (MX)  feet.  For  particles  *lth  radii  xreatur  th.ii,  or  equal 
to  0.  I  micron  all  sixteen  .sar.ples  were'  1  ne  Unled  In  the  averaxlnr.  there  not  belnx  a 
1 1  .s  ce  rn  1  b  1  e  altitude  defKtndenre  for  particles  In  this  size  ranxe*.  The  averuxe  riirve 

3 

yields  a  number  com  ent  rat  1  on  of  1.1  p.artlclos  cm  and  a  volume  concent  rat  1  (jn  of 
”15  CTTl*^  •! 

d.  h  X  10  cm  Tlie  number  concentration  la  determined  almost  entirely  by 

th«'  number  of  particles  In  the  smallest  .size  ranxe  considered  here  ( 0 . 07!)  l,.i;S  r  i 

0.126,^.  or  r  =  0.100^.).  Although  many  particles  of  this  size  ranxe  were  observed  In 

the  samples,  their  concentration  was  determined  by  extrapolation  as  previously 

explained.  It  Is  therefore  considered  that  the  number  concentration  ..ay  be  In  error 

by  a.s  much  as  a  factor  of  five.  The  volume  concentration  of  particles  In  the 

extrapolated  region  Is  about  IH  of  the  total  calculated  from  the  average  distribution 

Thu.s  the  error  In  the  volume  concentration  due  to  the  ex  t  rafKi  1  a  1 1  on  Is  probably  not 
♦  2()n<i 

m<  re  than  about  -  10^.  The  volume  concentration  of  partlc  le.s  with  radii  between  one 

micron  and  6 .  .d  microns  (the  larpest  particles  found  In  the  samples)  Is  about  7  x  10 
d  3 

cm'  cm  ,  as  ccumputed  from  the  avornxe  distribution. 

Table  III  lists  data  pertinent  to  the  nine  samples  collected  In  the  h5.000  feet 

altitude  reylon.  The  Individual  number  concentrations  and  volume  concentrations 

listed  were  calculated  uslnx  ccjl lection  efficiencies  bused  on  the  average  distribution 

and  arc  therefore  dejxnd'nt  upon  the  ex  t  rafxj  1  a  1 1  on  as  explained  above.  Also  listed 

d 

In  the  table  arc  some  strontlum-90  concentrations  (  In  dpm  cm  )  of  the  air  sampled 
bs’  the  probes.  The  str  ntlum-dO  concentrations  were  obtained  f  ren  HASP  filter  paper 
s.\mples  which  were  c'xposed  simultaneously  with  the  particle  collections,  and  arc 
average  values  over  the  fllyht  paths.  Tb.ere  Is  Incllcated  a  relatively  small 


Table  III  Siamary  of  Particle  and  lUdloactlvlty  Concentratlona 


Sample 

No. 

Date 

Collected 

Latitude 

Altitude 

(feet) 

n^ 

(cm”3) 

V* 

(cm^/ca 

90 

Sr  Concentration 
(dpm/cm^) 

W-3 

3/16/60 

27N;=*12N 

67,000 

1.57 

1.24 

X 

10"^^ 

3.61  X  10"^ 

W-8 

4/5/60 

15N^8S 

67,000 

0.94 

1.17 

X 

1 

o 

2.70  X  10"^ 

W-10 

4/21/60 

48N 

65,000 

3.56 

3.36 

X 

1 

o 

6.17  X  10"“^ 

W-12 

4/30/60 

66N->50N 

65,000 

1.19 

9.43 

X 

io-'» 

5.02  X  lO"^ 

W-13 

5/9/60 

15N4=*6S 

67,000 

1.42 

1.01 

X 

1 

o 

3.03  X  10"^ 

W-14 

5/12/60 

16N— *29S 

65,000 

0.86 

1.31 

X 

-14 

10 

2.84  X  10"^ 

W-16 

11/17/60 

62N-s32N 

64,000 

0.10 

4.14 

X 

1 

o 

W-17 

11/21/60 

15S-»20N 

65,000 

0.63 

6.55 

X 

io-^» 

t  Number  concentration  (baaed  upon  extrapolation  of  particle  alze-concentratlon 
distribution  to  0.1  micron  radius) 

*  Volume  concentration  (^0%  contributed  by  extrapolated  portion  of  particle  size- 
concentration  curve) 


variation  from  sample  to  sample  In  the  ratio  of  strontlun-90  concentration  to  the 
volume  concentration  of  particles.  The  larger  ratio  exhibited  by  sample  W-12  nay  be 
explained  In  part  by  the  presence  of  strontlun-90  from  the  high  alltude  rocket 
detonations  Teak  and  Orange  (See  Chapter  VXIl)  In  addition  to  the  strontlun-90  from 
the  lower  stratospheric  Injections  of  the  HARDTACK  test  series.  Debris  from  this 
latter  source  was  probably  the  main  radioactive  component  of  the  particles  In  the 
other  samples. 

Two  conclusions  may  be  reached  on  the  basis  of  the  particle  size  concentration 
spectrum  and  the  particle  chemical  compositions. 
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1)  There  appears  to  lie  u  re'latlvclv  poralatont  aerosol  layer  In  the  atratosphere 
oxtendlnK  to  an  altitude  above  70,000  feet  (to  about  80,000  foet  accordloK  to 

Jun,<e(12)) 

2)  Particles  cociposod  of  armonlua  (>eraulfato  and  onnonlum  sulfate  conprlse  almost 
all  of  the  aerosol  In  the  radius  range  from  0.1  -  1 .  micron  which,  In  turn,  con- 
prlscN  more  than  90%  of  the  total  aass  of  the  aerosol. 

The  most  likely  source  of  the  sulfate  particles  Is  H2S  and  SO2  of  terrestrial 

origin,  which  enter  the  stratosphere  by  some  mixing  process  and  are  subsequently 

-  (131 

oxidized  to  SO  j  by  o/.one  and  ulti.ivlolet  radiation'  . 

Ihe  average  distribution  of  particle  radii  shown  In  Figure  13  differs  from  that 
(  '  3  > 

found  by  Junge  et  al  In  the  region  0.1  p  4  r  i  1.0  u  In  both  slope  and  Intercept 

at  O.li,.  The  valu^  of  dn.  d(  log  r)  at  O.li*  obtained  by  Junge  Is  about  a  factor  of 

2 

five  lower  tha*i  foutul  in  this  work.  Jungo  found  that  dn/d(  log  r)  varied  as  )  'r 
for  this  region  while  In  this  work  dn  d(  log  r)  varies  Qppro.\lmp.tely  as  1  \  ITirse 
discrepancies  point  up  the  rather  large  uncertainties  in  the  determination  of  the 
number  concentrations  of  particles  with  radii  smaller  than  0.2  micron.  However,  the 
volume  concentrations  represented  by  the  respective  distribution  functions  differ  by 
only  a  factor  of  two  (this  work  yielding  the  lower)  In  the  region  0,1^  l.Ou. 

By  Invoking  some  rather  cnide  assu.mptlons  the  total  sulfate  content  of  the 
stratosphere  may  be  estimated  by  two  methods  which  are  outlined  below; 

1)  Assumlrg  that  the  aerosol  and  the  strontlum-90  In  the  stratosphere  had  mixed 
throughout  the  layer  In  which  the  aerosol  exists  (tropopause  to  HO , 000  feet)  both 
laterally  and  vertically,  then  the  total  SO j  content  of  the  stratosphere  Is  given 
by  the  ratio  of  the  average  SO  j  concentration  g  cn'^  at  65,000  feet  to  the  average 
strontlun-90  concentration  (dpra.  cm  )  at  tne  same  altitude  multiplied  by  the  total 
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8  t  ra  t  OS  pho  r  1  c  biirduti  of  8t  r<jnt  Uiiii-90.  Thr  invorilory  c>,  lo*t'r  st  ratosph*-:  1  < 

8trontlum-90  PxrhiBlvo  of  that  from  i'oak  and  Oratu;o  ^as  aboot  O.H  r.i“Ka(  i  r  1  c  durltu; 

tho  period  January  to  Juno  19G0  (See  Chapter  V).  Leas  than  10%  of  tliut  amount  was 

eatlmatod  to  be  above  HO  ,  000  foot.  The  mean  ct)n' on  t  rat  1  on  of  at  ront  1  ur.-90  nt 

-7  3 

65,000  feet  dirlnp'  that  tine  was  3.1  x  10  dim  i  r.  (ambient).  Thl.s  Is  c-orapurab  1  e 
to  the  8trontlam-90  ronrent rat  Ions  listed  In  Tatilo  III,  Assuralnp  tho  aerosol  to 
b(  C'lT'posod  of  amrionlum  sulfate,  tho  avera^;o  SO”  i  onren  t  ra  t  1  on  corresponding;  to 
the  dlfitrlbutlon  In  Flpure  13  is  1.31  x  10  ''  expressed  a«  .SO"!.  The  total 

SO”  burden  of  the  atratosphero  Is  thaS  calculated  to  be  H .  1  \  10^  klloftrons. 

2)  .\3sumlnK  that  tho  vertical  profile  o;  aerosol  particles  Is  constant  lola- 
tlve  to  the  tropopause  over  all  latitudes  and  that  tho  aerosol  density  Is  propor¬ 
tional  to  the  number  concent  rat  1  on ,  as  Indicated  bv  Junpe's  work  (see  Klrure  10) 
and  bv  tho  relative  con.stancy  of  the  ratio  of  volu.'-e  c'onc  ent  rat  1  on  to  number  concen¬ 
tration  In  Table  III,  then  Intenratlon  of  tho  vertical  profile  over  altitude  and 

around  the  earth  yields  the  total  number  of  particles  in  the  st ratos jiiere  (equal  to 

2  I  3 

3.6  X  10  parti-  u-i^n^;  an  averaRe  number  concent  rat  1  on  of  1  particle  cm'  at 

20  km  altitude.)  .:;13  nxmbor  multiplied  bv  the  ratio  of  avcratfc  sulfate  concentra¬ 
tion  to  avora^;o  number  concentration  (Table  III)  yields  a  stratospheric  sulfate 
burden  of  1.5  x  10^  klloprams.  The  result  of  using  Junpe's  portlcle  size-concen¬ 
tration  distribution  in  this  calculation  Is  11  x  10^  klloftrons  of  SCj. 

With  the  assumptions  made  In  (1)  above  plus  the  assumption  of  a  1.0  year 
residence  half-time  for  Btrontlum-90  of  tropical  origin,  the  stratospheric  produc¬ 
tion  rate  and  removal  rate  "ay  be  estimated  to  bo  approximately  5.5  x  10^  kilograms 
of  SO"!  per  year  based  on  a  sulfate  bvirden  of  8  x  10^  kilograms. 
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AfCRL  Results 


The  concentrations  of  sulfur  found  on  the  U-2  probes  analyzed  bv  AFCKi-  are 

(21)* 

similar  to  those  obtained  at  Isotopes,  Incorporated,  and  have  an  nvoruKo 

volume  concentration  of  about  5  x  lO"'*^  cm‘^  cm^.  '^Thls  Is  equal  to  2.3  x  10  ^ 
fnn/cra  of  elemental  sulpliur  or  x  10  i;m/cc  expressed  ns  sulfate  and  (or  r»*.spond.s 
rou^;hly  to  the  value  obtained  bv  ballocin  .snnpllnj'  (.see  Table  IV)'. 

Table  IV 

AfCRI.  1060  SULiOR  DATA 


Sample  No . 


E  1  e"ien  t  a  1  Sulfur 


Ml  d 

Concent  rat  1  on 

Date  Collected 

A  1 1 1  tilde 

Lat  1  tilde 

Itm  cr,^  X  lO*^’’ 

1 

26 

A  pr 

20km 

21'^; 

1 .  1 

2 

25 

Auit 

2Ukm 

.15‘^>N 

2.9 

3 

26 

Sep 

201cm 

37‘^' 

2.0 

1 

2  1 

Oct 

201 

5'’" 

2.7 

5 

25 

Oct 

20km 

29°S 

3.0 

6 

— 

1 9  km. 

20  . 

0.9 

7 

26 

.Ma  V 

1 8km 

38'^S 

2.5 

8 

27 

Oct 

20  km 

IH^.N 

2.3 

9 

27 

Oct 

20kr, 

50  “s 

3.0 

10 

1 

Nov 

lOkn: 

7  1  "n 

2. 3 

1  1 

--- 

— 

20  km 

k)"n 

1 . 8 

12 

... 

— 

20km 

32^’ 

2. 3 

13 

--- 

— 

2(1  k;n 

.i2'N 

1  .  1 

Ave  raite 

2.  .( 

Elemental  Sulfur  c(5ncen  t  ra  1 1  on  x  1.1  (SHj)-,  SOj  concentration. 

Elemental  Sulfur  concent  ra*  1  on  x  3.5  -  (NH;)2  boOO  ( cjnci'nt  rn  1 1  on  . 
Elemental  Sulfur  concentration  x  2  ^  vnjl  ime  (  on<  en  t  ra  t  1  on  In  cm-^  cm* 


*Sec  also  Juni;e  CE  and  JE  Manson  Journal  of  Gi-opt;  \  .s  i  (-a  1  Kescarch  al  216.3,  (1961) 
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ThlK  volume  <  (jiuen  t  ru  t  1  on  is  iihoul  linlf  that  found  bv  Itiofo()t'M,  I  n(  but  1h  abinit 

u  furtor  ot  four  lower  than  the  volume  concentration  cor  res  pond  1  pk  to  ,IunKe'»  partlt  1  «■ 

radius  distribution  curve.  FlK'iife  1  1  shows  the  distribution  of  sulfur  denslts  and 
particle  concentration  as  a  function  of  altitude  and  latitude  as  determined  I'y  JunKe 
These  distributions  are  based  on  the  sa.rples  listed  In  Table  IV. 

A  dual  C(il  lection  was  made  on  13  February  1961  near  10*^  .S'  at  ()5,Ci()()  feet  an  1 

15,000  feet  (20kr  and  l.dltm).  Thu  results  showed,  res  [hm  t  1  ve  1  y  ,  a  c  on(  cn  t  ra  1 1  on  cf  3  i 

and  0.7  x  10  cm^  of  elemental  sulfur^^*^  These  figures  arc  plcjtted  on  Fik'ure 

10  an!  show  u  sulfur  density  ^iradlent  similar  to  the  nur.ber  concentration  gradient 
for  0.15  micron  particles  obtained  with  the  General  Mills  sampler  cen  the-  balloon. 
Effects  of  LAist  Layer  on  Fallout 

The  aerosol  material  described  above  nay  have'  a  pronounced  effect  jpon  the* 
distribution  of  radioactive  debris  Injected  Intcn  the  Icjv.er  stratosphere  anu  muv  hace 
an  even  more  pronounced  effect  upKun  measurements  of  radioisotopic  concentrations  usinc 
various  types  of  sampling  equipment.  When  a  radioactive  cloud  Is  In.iected  Into  the 
stratosphere,  the  various  radioisotopes  are  spread  about  in  size  distributions  which 
may  be  quite  different  at  different  altitudes.  Several  processes  may  account  for 
this.  For  Instance,  an  element  like  s t ront 1 um-90  with  a  rare  kos  precursor  nay  be  in 
an  almost  ator.ilc  or  molecular  form  as  may  an  element  like  cesium  with  a  low  bol  1 1  nr 
point,  while  an  element  like  cerium  with  a  hikth  boiling  p>olnt  may  have  ccindensed 
earlier  In  the  history  of  the  fireball  ont<5  unvaporlzed  dirt  particles  or  condcnsl.ic 
bomb  rase  materials.  The  presence  of  the  dust  layer  would  have  a  tendency  to  Im  rea.se 

*Sce  also  .Manson,  J.  E.  ,  C.  E.  .JunKC,  and  C.  W.  Chakcnon  The  Possible  Hole  of  Gas 
Henctlc'ns  in  the  Formation  of  the  Stratospheric  Aerosol  Laver  paper  presented  at 
Int.Symp.  on  Chem.  Resh.  In  the  1, cower  and  Upi>er  At-os.  Sun  Frunclsccj,  Calif,  IH  April 
1961  (To  be  published  by  Intersclonce) 


altitude  kilometers  altitude  kilometers 


80  60  40  20  0  20  40  60  80 

south  north 

latitude 


S.'far  ) 


00-  60«  40*  20»  O*  20*  40  '  60*  80' 

south  north 

latitude 

Fir*.  1  cl^  J  jr.*#r  •  r«^.  *.  or.a  I  w/, xlc'»r.  '  1.  l'  ror.  '-5  ;•; 

Figure  11 


31 


tht>  averaKO  nlz«  of  the  radioactive  partlclea  by  contributing  to  their  coa^tulatlon 


Into  the  backKround  material.  The  ratea  of  coagulation  depend  upon  the  Initial  alze 

of  the  purtlcloB.  Juni^o  haa  calculated  the  coaKulatlon  half-life  at  201aB  of 

0.005  micron,  0.01  micron  and  0.02  micron  partlclea  to  be,  respectively,  20,  HO,  anti 

2H0  days,  the  very  small  particles  belnn  Incorporated  Into  the  dust  background  In  a 

short  time  compared  to  the  m€»  t  eorol  o>;  1  ca  1  residence  time. 

Particles  larger  than  a  few  hundredths  of  a  micron  will  remain  In  a  more  or  less 

separate  {X)pulatlon.  Intemlxc'd  with  the  natural  particles.  At  altitudes  hlRher 

than  the  top  of  the  dust  layer,  the  disparity  In  averaRe  particle  size  of  various 

elements  may  persist  for  longer  periods  of  time  since  sel  f-coagulat Ion  rates  are 

much  smaller  (although  the  mean  f.’'ee  path  Is  Increased). 

iiampllnR  equipment  such  as  that  used  In  the  Ashcan  Project  have  efficiencies 

which  are  quite  dej>endent  on  particle  size  due  to  the  slow  airflow  rates.  UslnR 

an  efficiency  coirectlon  for  0.03  micron  particle  size,  the  Ash  Can  and  HASP  data 

(2) 

confirm  one  another  at  65,000  feet  .  UslnR  the  same  efficiency  correction  at 
95,000  feet  could  Introduce  a  departure  from  the  "true"  values  by  as  much  as  a  factor 
of  2  and  could  thereby  Induce  an  "apparent"  fractionation  In  the  debris  or  shift  the 
apparent  aRo"  of  tne  debris  (See  Chapter  VI), 

Material  Incorporated  Into  the  natural  dust  layer  may  depart  from  the  lower 
stratosphere  at  a  rate  different  from  those  particles  not  Incorporated  Into  It, 
althouRh  the  difference  Is  p)robably  not  too  narked,  since  the  rate  of  fall  of  the 
dust  layer  Is  necessarily  slow  when  compared  to  the  airflow'  between  the  strato¬ 
sphere  and  troposphere.  Tbe  fact  that  the  HARDTACK  tunRSten  was  removed  from  the 
trop)l(al  s  t  ra  tt)-  phe  re  faster  than  the  HARDTACK  strontium  and  the  fact  that  tungsten 
mlxlni’  pK)leward  was  alonR  surfaces  that  s  lop>ed ,  dowmward  may  be  partially  due  to  the 
behavior  of  the  dust  layer,  however,  other  processes  may  better  account  for  this 
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{lartlcular  bohavlDr  (Sec  CJiaptwr  V)  . 


When  parrels  of  the  s  t  rat  osphe  rl  t  thist  layer  are  1  nt  roilurotl  Into  the  upper 
troposphern  their  hy^;  rcjscopl  t  nature  may  enhance  their  ea.ly  Incorporation  Into 
precipitation  thereby  caiialnn  fractionation  In  the  rainfall.  Often  Isotopic  ratios 
meas'.jred  In  rain  of  material  originally  In  the  stratosphere  show  considerably  greater 
variability  than  the  stratospheric  air  measurements  (See  (^apter  X). 

SampllnK'  of  the  type  described  above  will  continue  for  the  next  few  years  usltiK 
ai!  Improved  sampler.  Some  of  the  samples  previously  obtained  show  evidence  of 
absorption  of  raol.sture  by  the  collected  material  at  some  time  between  the  exposure 
and  the  analysis.  An  ulr  tl^ht  cartridge  should  eliminate  this  difficulty.  It  Is 
hoped  that  further  Information  concernlnj;  the  structure  of  the  dust  cloud  and  the 
role  It  plays  In  the  distribution  of  radioactive  partlci  )B  will  be  forthconlnK 
from  this  pro^^ram. 
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Chapter  IV 


SYNOPSIS  OK  PHASE  V  DATA 

Saap  1 1  iiK  Pr()|j  ram 

During;  May  ajid  Juno  19ti0,  a  numlwr  uf  particulate  collections  '♦ore  made  at 
various  loc(itl<jns  tiirou,;hout  the  world  at  altitudes  raJl^<ln^;  from  15,000  feet  to 
70,000  loot.  n-57  and  U-2  alrcralt  woro  operated  out  of  Argentina,  Puerto  Rico, 
Southwest  US,  Alaska,  and  the  Philippines.  This  was  the  first  of  the  semiannual 
spot  c.'iec  k  programs  descrlliod  1  ti  Chapter  1.  Southern  Hemisphere  operation  durlnjj 
Novemlxir  1900  (<’ row  f  1 1  ,.;h  t  Pliaso  VI)  was  transferred  from  Ar^;ontlna  to  Australia. 
Analyses  of  the  samples  woro  performed  by  several  Intorcal  Ibratod  1  atxjrator  lea 
li(  ludln^’  Isotopes,  Inc.  and  AFCKL. 

Re  u  Its 

The  analyses  performed  by  Isotopes,  Inc.  Jurlnp;  Crowfll^cht  P.iase  V  were 
(onflnod  to  the  samples  (.olloctod  by  L'-2  aircraft  and  aro  shown  In  Table  V. 

Kilter  papers  marked  WK  were  exp«.)sed  In  the  nose  duct  and  those  marked  FD  were 
collected  In  the  hatch  duct.  The  now  flow  rates  fjlven  In  Chapter  II  were  used 
to  determine  the  sample  volumes.  Altitudes  are  expressed  in  thousar-.ds  of  feet. 
All  Isotopic  cot. cent  rat  Ions  are  corrected  back  to  date  of  sampling.  The 
persistent  10%  difference  laitween  the  nose  and  hatch  ducts  mentioned  In 
Chapter  II  is  evident  In  these  collections. 

Table  VI  displays  additional  data  obtained  during  mid  and  late  ’.960^“^^ 

In  this  case  the  U'-2  data  is  from  papers  oxpiosed  In  the  hatch  duct  only  and  la 
based  on  the  new  .'low  rates  given  In  Chapter  II.  The  B-57  aircraft  used  the  K-33 
duct.  The  two  nose  filter  papers  shown  in  Table  V  for  23  May  1960  wore  expesod 
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nblm  V 
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■laultan«ously  on  the  sum  aircraft  with  the  corresponding  two  hatch  filter  papers 
shown  In  Table  VI.  All  the  Isotopic  concentration  In  Table  VI  are  corrected  back 
to  the  date  of  saapllng  with  the  exception  of  the  rhodium  and  tungsten  values  which 
are  extrapolated  to  12  August  1958  and  15  August  1958,  respectively.  Values  for 
the  half  lives  used  were  Rh-102,  210  days;  W-181,  120  days;  snd  W-185,  76.2  days. 

No  Sr-89  or  Ba-140  was  found  In  any  of  the  filter  papers.  All  values  shown  In 
Table  VI  have  radiochemical  precision  with  less  than  3%  error  except  those  marked 
with  the  letters  a  through  h  which  stand  for  the  following  values  of  precision: 

(a)  3-5%,  (b)  5-10%,  (c)  10-15%,  <d)  15-20%,  (e)  20-25%,  (f)  25-30%,  (g)  .?»>-35%, 

(h)  35-40%.  In  general  the  data  In  Tables  V  and  VI  are  compatible  when  the  10% 
Nose-Hatch  discrepancy  Is  taken  Into  account. 

Discussion 

Before  launching  Into  a  detailed  discussion  of  these  and  other  data.  It  might 
be  worthwhile  to  summarize  here  the  salient  features  of  the  material  described 
above. 

Figure  15  shows  the  strontlum-BO  concentrations  for  the  periods  of  May-June 
1959  and  May-JUne  1960.  The  equatorial  maximum  of  1959  above  the  tropopause  has 
been  replaced  by  a  minimum  in  1960  and  the  maximum  values  may  now  be  found  In  the 
hl'ghest  latitudes  at  the  highest  sampling  altitudes.  As  discussed  later  in 
Chapters  V  and  VIII,  this  Is  explained  by  the  Incursion  of  debris  from  the  TSak 
and  Orange  high  altitude  shots  in  the  1958  HARDTACK  series.  The  distribution  Is 
much  more  S3rmmetrlcal  between  the  Northern  and  Southern  Hemispheres  In  1960  than 
it  was  In  1959. 

Figure  16  displays  the  tungsten-185  concentrations  In  the  same  way  that 
strontium-90  is  shown  in  Figure  15.  There  is  a  marked  difference  In  the  manner 
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In  which  lungsten  !■  distributed.  First  the  equatorial  maxlnun  at  70,000  foot  has 
remained  stationary  although  its  value  has  diminished.  The  equatorial  vai..?8  of 
tungsten  were  reduced  by  about  70%  in  one  year  while  the  s  t  ron  1 1  ufli-90  valu'js  In  the 
equatorial  region  were  reduced  only  by  about  50%.  This  could  bo  accounted  for  by 
the  originally  steeper  tungsten  gradient  and  by  the  fact  that  some  strontlum-90 
could  have  mixed  from  the  new  polar  maxima  toward  the  equator.  In  the  polar  regions 
the  tungsten  maxima  occur  well  within  the  sampling  region  and  the  tungsten  values 
diminish  at  the  higher  altitudes  while  the  8trontlum-90  values  Increase  at  the 
higher  altitudes. 

There  distributions  can  be  best  explained  by  the  mechanism  of  turbulent 
diffusion  along  surfaces  sloping  dcjwnward  from  the  equatorial  region.  The  drop 
off  of  tungsten  at  the  high  altitudes  and  at  high  latitudes  Indicates  that  most 
of  the  stratospheric  tungsten  was  originally  Introduced  Into  the  lower  tropical 
atratosphere  (below  80,000  feel).  The  tungsten  d  1  s  I  r  1  but  1  (;n  provides  a  very  strong 
argument  against  the  Brewer-Dobaon  circulation  model.  Further  discussion  of 

this  material  la  contained  In  Chapters  V,  VIII,  and  IX. 

The  cerium  data  indicates  that  the  youngest  dcybrls  can  be  found  at  the  highest 
altitudes  and  highest  latitudes  again  poltUlng  to  Teak  and  Orange  debris.  Conct*n- 
tratlons  of  Rh-102,  a  tracer  element  placed  In  t  tie  Orange  sfiot  ,  are  hlghc-st  at  ttu' 
highest  altitudes  and  tilgtiest  latitudes.  Ttiese  d  Is  t  i' i  bu  t  1  ons  IndUati-  that  maic.-riul 
Injected  into  the  atmospfiere  above  200,000  leet  follows  a  downward  roui<  t  cj  ttie  Icjwer 
stratosphere  preferent  1  a  1 1>  in  the  polar  regions.  Fuitte-r  dlsiusslon.s  ot.  lhc*.se  points 
will  be  found  in  Ctiapters  VI,  VIII,  and  IX.  Ttie  ci'slum-l.i?  uala,  in  general,  !  o  1  1  ow 
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the  HtrontluiD-90  detu  lit  cor''ontrutlona  of  about  l.fi  tlawa  the  8trontlu»-90  valuea. 
Except  for  an  evaluation  of  the  hazard  ftoo  cealua>-137  In  Chapter  XI,  little 
further  dlBcu;i.slon  of  this  Iso’,  pe  will  bo  proHonted  In  this  report. 

Thu  l)e-7  data  Is  synmotrlcal  between  hemispheres  and  shows  a  maximum  at 
hl|{h  latitudes  and  hlt{h  altitudes.  The  t;radlonta  are  not  nearly  as  steep  as  those 
of  rhodium- 102 ,  however,  and  reflect  the  cosmic  ray  origin  of  Bo-7,  The  P-32  data 
Is  helpful  In  dotormlnlng  the  age  of  the  Bo-7.  In  general  the  distributions  of  these 
two  nuclides  are  about  as  expected  (see  Chapter  VII).  Tlie  Pb-210  distribution  In 
the  stratosphere  Is  much  like  the  tungsten  data  and  suggests  an  equatorial 
stratospheric  origin  for  most  of  this  material.  Although  Pb-210  Is  found  In  the 
truposplioro  as  a  decay  product  of  radon.  It  Is  unlikely  that  the  stratospheric 
distribution  observed  comes  from  this  »'urco  alone,  but  rather  that  some  of  It  was 
produced  during  the  weapons  testing  programs  of  the  past  decade.  An  analysis  of  some 
of  the  older  filter  papers  in  the  HASP  library,  which  Is  now  being  undertaken,  should 
be  able  to  resolve  this  point.  Preliminary  results  Indicate  that  If  the  equatorial 
Pb-210  Is  of  weapons  tost  origin,  It  predates  the  HARDTACK  series.  A  more  detailed 
discussion  of  the  Pb-210  data  is  given  In  Chapter  VII. 

Additional  comments  on  the  data  In  Table  VI  have  been  prepared  In  the  U.  S. 
Weather  Bureau, 
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Chapter  V 

1>TRONTIUM-90  ANU  TUNGSTEN- 1H5  IN  THE  STKATOSPHERE 

I  nt  rocliict  I  on 

For  the  past  few  years  s  t  ront  1  um-90  and  turiijs  ten- 1 H5  concentrations  In  the 

lower  stratosphere  have  been  measured  over  a  wide  range  of  latitudes  by  the  HASP 

and  Ashcan  programs.  These  measurements  have  been  helpful  In  determining  the  total 

stratospheric  burden  of  these  elements  and  other  relatively  lc)ng  lived  flss'c.'n 

products.  In  addition,  considerable  Information  has  been  gained  on  the  mixing  and 

transfer  of  these  fission  products  within  the  stratosphere. 

Vifhl  le  the  HASP  network  nas  been  successful  In  many  areas,  It  has  suffered  from 

several  deficiencies.  The  (greatest  of  these  Is  the  Inability  of  the  U-2  to  collect 

samples  above  70,000  feet.  Estimates  of  concent ra t 1 ons  above  this  altitude  have 

( 26  271 

been  made  using  data  from  the  AEC  Ashcan  Program.'  ’  '  This  program,  too,  has  an 

altitude  deficiency  In  that  collections  arc  limited  to  below  100,000  feet.  To  oatc, 
no  measurements  of  radioactive  weapons  debris  In  the  mesosphere  (160,000-260,000  ft.) 
or  above  hav'>  been  reported.  In  addition  to  the  al  Itudo  limitations  mentioned 
above,  both  the  HA.SP  and  Ashcan  networks  suffer  from  lack  of  latitudinal  coverage. 

Few  measurements  have  been  made  In  the  highest  latitude  polar  s  t  ra  t  os  [)here ,  and  In 
the  case  of  the  Ashcan  samples,  collections  have  been  restricted  to  1  or  5  geo¬ 
graphical  points.  In  addition,  the  time  coverage  has  been  somewhat  spotty.  HASP 
Bumples  north  of  10'*  N  (iurln;;  the  winter  of  1058-1959  were  few  as  were  samples  south 
of  the  equator  after  August  1959.  Ashcan  sampling  In  the  Southern  Hemisphere  ceased 
on  7  February  1959. 

One  final  compl  1  cat  1  nt;  factor  should  be  mentioned  and  that  Is  the  repeated  and 
continuing  Influx  of  radioactive  material  Into  the  sampling  volume  from  adjacent 
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roKluns.  The  primary  ^^<)llrt•o  of  this  Influx  has  boon,  of  course,  the  stratospheric 
Injections  from  attjmlc  tests  which  have  been  conducted  since  the  sumpllnt;  program 
be^un.  Accurate  appraisals  of  the  quantity  of  material  Injected  Into  the  strato- 
sphiro  Is  dllllcult  and  estimates  of  vortical  distribution  remain  somewhat  specu¬ 
lative.  Another  perturblnn  Influx  of  debris  has  been  that  which  has  mixed  downward 
from  the  Teak  and  Oranco  events.  Mflillc  these  events  have  somewhat  obscured  the 
calculation  of  the  atmo.spherlc  burden  of  various  radlol  hoto|X!S ,  they  have  provided 
the  concentration  gradients  necessary  to  determine  the  s  t  ra  t  osj)her  1  c  mlxlnp 
processes.  Considerable  pro^;ress  has  been  made  durlnp  the  quiet  period  since  late 
I'JSH. 

Ulstributlon  of  strontl um-‘JO 

Attempts  have  been  made  to  determine  the  averat^e  s  t  ront  1  um-DO  burden  In  the 
stratosijliere  durlnp  several  time  Intervals.  The  method  has  been  described  In  tnc 
previous  report  (DASA-5J2) .  Various  small  regions  In  the  atmosphere  have  been 
selected  and  asslpncd  an  averapie  strontlum-90  concentrati i  n  based  on  a  number  of 
sample  collections  made  in  the  region  durlnt;  the  time  period  under  consideration. 
ExtraiKjlat  Ion  polewari)  has  been  uone  on  the  assumption  that  hlnh  latltu  ’e  concen¬ 
trations  have  been  linear  extensions  of  the  lower  latitude  concentrations.  Ex- 
trapcjlatlon  upward  from  the  HASP  sampling  region  has  been  done  uslnj;  the  shape  of  the 
Ashcan  profile.  A  0.U3  micron  particle  efficiency  In  the  Ashcan  sampler  has  been 
assumed  In  order  to  cause  the  HASP  and  Ashcan  65,000  feet  measurements  to  overlap. 

The  avera^;e  values  can  be  arranged  to  show  the  meridional  distribution  by  plottlii:'. 
on  a  vertical  cross-sec 1 1  cjiia  1  representation  of  the  atmos.Jere  and  then  drawlnc 
1  so- 1  nl ens  1  t y  contour  lines  (isopleths)  to  encompass  those  points  in  space  w'-ere 
the  strontlum-UO  concentrations  are  the  same.  Flcnres  17  tiirxju;h  20  show, 
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icH  ()ur  1 1  v't.’ 1  V  ,  thi*  b  t  r  on  t  1  ujii  - coin  cut  rut  I  oiib  lor  l‘jr)iS,  tsirlv  I'jri'.t,  lato  I'lf)!*  aiul 
early  19G().*  Tlio  flral  three  tharta  were  dra  .n  uslni;  a  vertical  scale  .showlrii;  a 
linear  decreubo  In  ambient  pressure  (Inverse  lop.  of  altitude)  and  a  horl/.ontal 
bcalo  p  •oix)rtlonal  to  the  sine  of  the  latitude.  This  depiction  fucllltutes 
measurlrii;  the  Inventory  since  ec^ual  areas  on  the  cliart  cor lespond  closely  to  equal 
volumes  of  air.  A  planlmoter  may  then  be  usi'd  to  measure  the  volume  ol  the  atmosphere 
encompassed  by  each  isopleth.  The  tacit  assumption  Is  made  that  all  meridians  have 
the  sujae  profile  shown  In  the  charts.  All  Isopleths  are  expressed  In  decays  [)e  r 
minute  per  lOOU  standard  cubic  feet  of  air  sainpled.  Reductlc;n  to  standard  sea 
level  pressure  Is  made  to  remove  the  altitude  and  temp«*rature  dependence  of  air 
density.  Concentrations  above  the  level  of  the  Ashe  an  sampler  have  been  assumed  to 
drop  off  to  zero  linearly  and  no  attempt  has  been  made  to  Indicate  ixjssible  c  concen¬ 
trations  In  the  mesophere  (see  Chapter  VIII).  Flpure  20  differs  f rr>m  Figures  17-19 
In  that  the  scales  are  linear  In  altitude  and  latitude  and  do  not  extend  ubove  the 
HASP  sanipllni;  level.  This  altitude  limitation  Is  placed  on  the  chart  because  nco 
extensive  data  above*  70,000  feet  are  available  for  the  period  In  questlcon.  Conseciuc.Mit  1  > 
any  Isopleths  above  this  level  would  be  most  conjectural. 

The  most  prominent  features  of  the  1958  strontlum-90  distribution  (Fir.ure  17) 
are  the  maxima  In  the  equatorial  re^;lons  and  northern  polar  replons  as  a  result  of 
the  US-UK.  HARDTACK-GRAPPLE  test  series  ol  1958  and  the  autumn  USSR  test  series  of 
1958.  By  mld-lOSl)  (Fipure  18)  these  ma.<ima  pave  the  appi’arance  of  havinp  mcr,',ed 
and  the  c-oncent  rat  1  on  .radlents  hud  beconc  less  steep.  Little  chanre  In  the  .N’orthem 
Hemisphere  wa.s  noted  durlnp  the  last  'call  of  1951*  (Flpure  19).  This  was  r'-flected 

*A11  Isopleths  shcjwn  are  based  on  old  flow  data,  but  the  heml  Sj)he  r  1  c  burdens  cj  f 
s  t  ront  1  um-9()  Indicated  In  Table  VII  have  been  reca  1  cu  1  a  t  c'd  uslni;  the  net  1  1  o\.  rates 
reported  In  Chapter  II. 
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In  ttio  lowcroil  biirfuct;  fallcjul  rutca  nutoj  In  i;r‘>ijiul  sui/nj)  1  1  14;  notworka  iit  tlilb  tiKn- 


(bC'f  CJiaptuf  X).  There  1 1>  no  btror4',  evldein’e  of  suIjm  f  uiit  1  a  1  ainount.s  of  di'ljrlb 
f  run  ttie  USSh  tost  series  ul  I'JSH  reriuiriliiK  In  tin  s  t  ra  t  os  plu' re  hy  late  l'*ri'.». 
I'resuniab  1  y  ttii'  major  fruition  liuJ  been  removetJ  wltiiln  one  year.  This  is  i  on  1 1  rmed 
hy  ai;e  studies  (CJiupter  VI)  and  surface  measurements  (Cfiapter  X). 

By  the  sprint:  of  I'JBO,  the  s  t  ront  1  um-‘JO  picture  liad  clianK’ed  from  one*  of  l)!t;h 
concentrations  at  the  equator  and  U>w  concent  rat  1  on.s  at  hit.i  altitudes  in  the 
polar  regions  to  one  of  just  the  reverse.  The  ln<  retislnj-  j-radient  [stU’w.ird  and 
upMurd  Is  believed  t(j  be  due  to  ttie  influx  <jf  di-brls  from  the  Te.ik  .inU  tlium.e 
shots  of  llAltUTACK  movlnc  down  in*o  the  sanpllni:  retjion  at  tiiuh  l.ititules.  .inU  not 
due  to  "llrewe  r-L)ob.son"  c  1  r<'u  1  a  t  1  on .  This  belief  is  st  ren;' tlieneu  le,  tlie  t  in.:sten 
datii  repijrtod  below. 

The  low  concentrations  .if  hi  .h  altitude  In  tlie  (lolar  re:l.>ir  in  robH  indliate 
either  that  the  C/\i>Tli  a^-d  REDWING  debris  baa  not  mixed  Into  tlie  (volar  region.',  or 
that  It  has  already  mixed  Into  and  subsequently  been  removed  f  rixi  this  ari'a.  The 
rates  of  eijuator  1  a  1 -(lo  1  ar  transfer  to  be  desiribed  below  are  sufficiently  rapid  tliat 
It  seems  ut'llkely  tiiat  tills  debris  tias  tie  in  held  u()  in  tlie  equatorial  rei;lon.  In¬ 
deed,  ttiere  has  been  little  evidence  of  presence  ol  any  larue  cohesive  concen¬ 

trations  of  CAaTlJi  or  REDWING  debris  within  ttie  llADP  network  since  the  sujTjilinr 
proirani  bepan  In  late  ly.'iV. 

S  t  ront  1  um-‘J(J  Burden 

An  attem(it  lias  been  made  to  calculate  tlie  burden  of  s  t  run  1 1  um-'iO  In  tlie  utno.^- 
(iliere  above  tiie  tro[Kq)ause.  (Tlie  tiurden  In  tlie  t  ro()os  (ihe  re  within  a  few  months  .illet 
run  liar  lietonatlons  is  quite  low  eom()ari‘<l  to  that  of  the  s  t  ra  t  os  plie  re  due  to  the 
relatively  sliort  t  ro[K)s  (die  rl  <  residence  time.)  Th  1  .s  "ay  be  done  by  st.irtln:  wilt. 
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A  IV 


till'  "icaji  I  r«>int’ti  t  s  In  the  HASP  HiLnpllt>i;  urun  am)  1  n  t  c ru  t  1  n,;  ttu'Mc  vaUit'u  )n  t)u> 


muiuiir  i)ch  (  r  1  bc-(l  In  tlic  1  ii  '  i.i>itl<>n.  TIi  1  :•  *1  1  i  t!  I  iru'u.sij  if  i«-nt  ti  up  lu  a!)(iut 

fiU  nl)  (7(),()U()  ft.)  w)  I  li  alxiut  1  Ti'l  aii'ir.icy,  TIi*'  A'!ii  an  me  aa  u  rfinc  n  f  a  (an  tx-  usiil 
to  ex  t  ru  IH)  1  a  t  c  upward  to  aliout  1(J  ml)  (IdO.OOO  ft.)  .^Itli  ja'iiiap.a  .mT,  a((U’'a(\. 

E  \  t  ra  (Kj  1  a  t  1  ona  al)o\«'  10  nb  i.Tuat  rin.iln  aoiu’wbat  <  <  m  ic<  t  u  ra  1  a.s  no  ni' .i.s  u  re  iiu  n  t  h  In 

thl.'i  re,  loll  have  btu.-n  rt'iiortcl.  It  baa  btuii  *'a  t  1 1  ..it  e  I' '  that  .i.s  nuch  .i.s  o.  I  i.i/.i- 
curles  of  a  t  roll  t  1  im -UO  have  beiui  ln)«(t«'d  Into  the  nc.so:,  j  he  re  free  nitleai  teat;. 

(aei’  Chapter  VIII).  Extrapolations  ac  ro.ss  p.ipi.  In  t  1  .e  .ind  Into  un.s.i.npled  ana:, 
can  be  -.ade  u;.  liu'.  a.ssumed  initial  burden.s  and  ap;aniit  n.'ildenie  t  1  ini’s  e.i  1 1  1 1  1 1  e  1 
or  deui.ced  I  roin  other  evldetue.  Calculations  of  this  nature  have  been  inadi  and  the 
results  a  r'-‘  shown  in  Table  VII  below.  It  shoul.l  bi-  pointed  out  that  there  I.s  a 
relatlvel’.  larce  element  ol  .sub  )ect  1  vi  t  v  In  t  s  t  ab  1  1  sli  i  n,;  a  .sln,:le  number  to  represent 
the  a\erai;e  valiU'  of  the  s  t  ron  1 1  uin-‘.t0  coneen  I  l  a  t  1  on  In  a  l.iru  re, -.Ion  over  a  [srlod 
of  time  as  Ion;  as  oue  year.  This  Is  e.sp«‘ci  a  1  1  v  true  for  tie  i<»rlod  1 ‘.•■'iH- 1 uh<  n 
there  were  lar'e  chan  te.s  In  certain  re-ions  du«  to  tht  evtensive  inier  t  i  oris  !  ror 
weaixjns  tcstlrv  actlvlt\  and  the  dvnanl<  proce-^ses  of  nl\in;;  be’wiin  p.ir.itt  n-pions. 
The  ’nherent  unce  r  t  a  i  n  t  Us  are  compounded  b\  the  fact  that  the  iiebri  x..is  not  di.stri- 
tiuted  zonally  in  a  .s  N^a-T’et  rl  c  f.islilon  durln;  times  of  .iitui  Injection  and,  ;n  .idditiori, 
lar;;e  quantities  of  tiovlet  debri;.  (scapeo  atlequati  measu  remint  due  to  its  altitude 
and  latltiule  of  stabilisation  as  well  as  its  relatively  short  residence  time.  l.'n- 
cloubtedlv  there  were  tim  s  durliii:  the  jM'riods  unckr  consideration  when  the  1  nvi.  uit  or  i  es 
were  subs  t  ant  1  a  1  1  \  create  r  or  less  than  the  values  shown  in  Table.'  VII.  (Sc'e  Fir.  f)!! 
Chapter  IX).  A  mateilal  balance'  e.f  r,  t  re  m  t  l  tr  -*'()  ba.seul  up<in  llie.se  esttm.ites  and  seji  1 
and  rainfall  mea.su  rement  s  Is  reached  in  Cliajiter  X. 


TABl£  VII 


Hi-1  ,;ht 


Cruilf  ii  t  P' >11 1 1  nm-'.to  I  n  vent  or  1  (l  r\  Mecucurl  oh  ) 

Northern  llo:nl  M(iieru 

Nov  riV-LH-'c  fiH  Jun  Nii-Auf,  59  Seji  5'.>-LK*c  59  Jun  (iO-May  GO 

1 .')  ♦  .01 
. 25  ♦  . lo 
,:i7  ♦  .(Hi 


0  mb  - 

10  mb 

.  20 
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♦ 
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♦ 
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■f 

.08 

.  30 

♦ 
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50  mb 

-  Trop 

.  G1 

♦ 

.  09 

.  38 

♦ 

.06 

.  33 

♦ 

.05 

Total 

.  96 

•f 

.  20 

.  85 

♦ 

.  16 

.  80 

♦ 

.  15 

i 


.  75 


15 


0  inh  -  10  mh 

10  mb  -  50  mb 
50  mb  -  Troy) 
Total 


, 20  .  .oi 


Southern  Mr t  syrfiere 

.  19  ♦  .0  I  .  lb  ♦  .0  J 


.  12  .  .01 


World  Total 

.  19  ♦  .33  1.32  ♦  .26  1 . 29  ♦  .  28  1 . 27  .  28 

The  heavy  line  In  Table  VII  seyiarates  the  "measured"  values  from  the  'Estimated" 
values,  the  values  below  the  line  bclni:  those  calculated  from  HASP  and  Ashcan  data. 

The  table  shows  that  the  burdens  In  the  Northern  and  Southern  Hemisphere*  have  tended 
to  equalise.  This  has  been  broiu;ht  about  by  the  rapid  fallout  of  the  Soviet  debris 
in  the  .Northern  Heml.sijh<  re.  In  addition  there  has  probably  been  some  diffusion 
across  the  ecpialorial  re,’ 1  on  caused  by  the  horizontal  gradient  In  this  area  (Sec  Flpurc 
19).  The  rise  In  the  total  burden  In  the  I  juthern  Kemlsphc'rc  durlni;  the  last  half  of 
1959  Is  probably  more  apparent  than  real.  The  only  measurements  made  well  Into  the 
Soitherr.  Heml.sphere  wore  perlonned  durln'.  Phase  V  below  50  mb  and  wore  of  short 
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(lurullon.  nio  cri’ur.'i  mJ  f.iMi  i  c-nutit  arc*  !»’.ich  that  ttu'  total  hurilcni  <  on  1  1  havi; 

actual  1>  t’.otu'  (luwii.  Another  leiitiire  notlcuJ  1h  that  the  not  roalilonco  tli;.o  of  thi 

(Jthrlti  In  the  stratosphere  appours  to  have  Incroasoi).  This  Is  duo  to  thi'  Incroasi- 

Ip  rolatlvo  amounts  ol  natoiial  at  the  hlpl  or  altltudi-s  where  rosldoiuo  t  ii:ics  are 

(  n) 

ex|>etted  to  he  lon.,cr. 

Stratospheric  Mixin,-  ol  S  t  ron  1 1  um-'»0 

Const  le  rah  li;  1  n  f  o  i”  a  f  i  on  can  be  gained  on  s  t  ra  t  cis  phe  r  1 1  ■■  i  .in.;  processes  h\ 
ohservln,;  the  •■;ontlil\  s  t  icjnt  1  ur; -'JO  ccincen';  r.it  1  on;,  at  several  latitudes  and 
altitudes.  Ki  ure  21u  ill  i..trate.s  the  t ;  !:,e  '.arlatlon  c.f  s  1  rent  1  ui:i-UO  eoncen  t  r.i  t  1  ons 
lor  throe  selected  latitudes. 

Eouatorlal  Ue:icjr. 

Iletween  lo'*  and  I.'')"  .North,  the  latitude  ol  tiic  lac  lllc  tests,  several  Ic.if  ires 
(an  be  noted.  first  the  vertical  .ra.llent  Is  quite  pronounced  .ind  rc  ’  ’  1  ns  core  or 
less  constant  with  tine  lndl(atlnr.  that  vertical  (■.l.sln,-  . si  .w.  Second  tlie 
concentration  at  e.ich  altitude  Is  cll  ml  n  1  sh  1  n".  with  tl'.e  .liter  septcurdn,' r  in.'ih  she  win 
a  departure  of  debris  from  this  area.  .Must  c;f  this  debris  probably  rioius  polcw.ird 
as  will  be  shc-vn  below.  Third,  the  rate  ol  departure  of  the  debris  is  not  unlfcjrn. 
Uemoval  Is  seen  to  be  fast  durtn,.  the  winter  and  sprln,  and  slc/w  cji  even  Incited 
durlnp  the  sunner  and  fall.  This  seasonal  dependence  upon  rate  cd  "■.ovement  1  rcc"; 
the  ecpiatorial  reylons  ccjntrlbutes  to  the  sprlni;  :  urx  1  :;iu.t.  nceted  1  r.  s.rl.oc  l.illcru'  b;, 
Inercasln;  the  concentration  of  natcMlal  In  the  i>o  1  .u  stratosphere  lurln  tin  fitter. 
The  Increased  late  of  poleward  rove.ent  Is  protcat.lc  .isscec  latcd  l  t  h  t  lie  ;  n  t  c  i,  ,  i  1  i  c  a  - 
tlon  and  ccpiutorward  novesient  c;f  the  nl  1  -  la  t  i  t  u  le  ct  s'reuu:.  U.rli.  M.i  ,  .’'i.o  tiu’c 
has  been  an  apparent  rise  in  concentration.  This  .a\  It  lue  to  .sor.i-  .etc  ilal  f  rers 
Teak  and  Oran,;e  reactiln;  this  latitude'  althou.h,  h\  itsc  cf,  this  leldcncc  is  not 


cone  1  us  1 ve . 


North  I’o  1  a r  Iff  ;  1  <;ii 


Uet*«on  (jo"  and  05*^  North  a  considerably  dtlferent  picture  has  prevailed. 

L'ntll  alter  Novenbor  I'Jbtl  a  ne(;utlve  vertical  cradlont  e/.lsted  at  this  latitude. 

Sone  evidence  exists  in  the  tlAiii’  sanples  which  collected  debris  I  ro::i  the  Soviet 
tests  that  these  clouds  did  not  rise  above  05,000  feet,  consec^uent  1  v  the  concen¬ 
tration  at  b0,000  feet  was  hli;her  than  at  70,000  feet.  Tliere  was  alsc)  evidence 
that  the  Soviet  clouds  sampled  over  Canada  were  found  considerably  further  South 
than  the  Arctic  test  site  Indicating;  an  as>TX'Tietry  In  the  c  1  rcu.'rjxj  1  ar  flow  at  th:if 
particular  tlr.ie.  Ihirln;;  the  sprln,;  of  1950,  the*  Sr-90  concentrations  rose,  due  to 
an  Influx  of  HAKDTACK-GKAPPLE  debris,  and  then  fell  off  slli;htlv  durlri’  the  suimner. 

Starting  In  October  1959  the  concentrations  in  the  northern  pcjlar  latitudes 
started  to  Increase  at  70,000  leet.  At  this  same  time  the  ccjncen  t  ra  1 1  cjns  at  lower 
altitudes  were  still  decreasing.  B>  December  the  concentrations  at  65,000  and 
00,000  feet  had  started  to  Increase,  Concentrations  r t  55,000  and  50,000  feet  did 
not  Sturt  to  Increase  until  January  1900.  Tills  behavlcjr  is  stronrly  Indicative  of 
an  Influ.x  of  material  f r'^m  above  Into  the  polar  re;;lon.  This  could  have  resulted 
from  two  sources.  Either  the  r.aterlal  mixed  northward  from  the  equatorial  roi;lon 
or  1  t  mixed  dowiiward  f  ron.  Teak  i.nd  0rani;e  In  tne  arctic  rcclon.  Probably  It  was  a 
combination  of  both.  The  polar  Increase  Is  consistent  with  the  seasonal  equatorial 
depletion  described  above.  Cerium  datln,'  evidence  (Qiapter  VI)  indicate?  that  a  lari;c 
fraction  of  this  Increase  mus’  have  come  from.  Teak  ae>d  Urani.e.  II  the  rise  In  ccincen- 
tratlon  wore  due  mo.stlv  to  Influx  of  HARDTACK  GlbMPUl  debris  then  the  10^^  tc>  15^  .North 
concentrations  should  show  a  similar  hut  e.irller  liicrcasc.  An  Increase  Is  obsereod 
In  this  re:;lon  but  Is  not  as  pre)nounco(l  as  that  ut  the  60°  to  ’15'^  .North  rcrlon. 
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On«‘  liutuii'  of  note  niuv  be  been  at  this  lutltoJe  l.s  tloit  t  lu‘  bioisonul 

Influx  U))pear.s  l  cj  rcaiti  a  ".iiAlmum  In  tt»e  lovker  polar  st  rufosploTe  iliiliu,  the  *inter. 
This  cun  ai  count  for  the  .'■-iiilnj;  maximum  noted  In  surface  fullcjut  about  April.  An 
additional  feature  vchlch  1  .s  cptlfe  notleeafile  In  the  polar  s  t  ra  f  os  pfie  re  Is  that  tlie 
vertical  concentration  'raJlcnt  Is  not  nearly  as  steej)  us  that  observed  In  the 
equatorial  relons.  This  indicates  that  vertical  mlxlm;  in  the  polar  s t ru t os  jJie re 
proceeds  at  a  nuc  h  hl;.;her  rate  than  In  tfie  ec4uutorlal  regions,  esix-clallc  during  th.e 
wl nter . 


Ashran  Data 

The-  Ashcan  lata  iitr  Ijan  An/.eltJ,  Te\as,  and  bloux  Cit\,  Iowa,  for  l'>5‘.'  show 

certalr  s  i  ■ .  1  1  a  r  1  t  i  es  to  the  lUah  data.  Klp.ire  21b  shows  the  avera.;cd  Ashcan  data 

( -i‘») 

for  scteral  sears  as  dejlcte.l  by  Mura>a:.a  and  Muehta.  There  appeared  to  be  a 

(irudual  dl"'lnutlon  at  all  altitudes  suqi’cstlnp  a  half  residence  time  of  about  one 
.car.  The  maximum  concentration  over  San  Ancelo  occurred  at  about  40,000  feet  .in¬ 
ti  1  the  winter  of  59-60.  At  this  time  the  ma.x  1  :nu:.i  .shifted  dowTiwarci  and  values  at 
65  to  70,000  feet  shcjwcd  a  marked  Increase,  more  than  noted  In  the  HASP  samples  in 

the  same  area.  The  data  suKdCSts  an  Increased  Influx  from  the  tropical  rciion  alori,- 

a  do.*nwurd  sloplrii;  mlxlnif  layer  especially  durlnp  the  winter  of  1954-50.  This  kind 
ol  i.'.l.xlnit  Is  especial  1\  prominent  In  the  tutvsten  data  discussed  be'low.  The  Sioux 
City  data  shows  a  Ics.s  pronounce  1  vortical  gradient  than  that  at  San  Ani;elo.  This 
Is  consistent  with  ftie  HASP  data  discussed  above  which  su;4tests  stronger  vertical 
-.1  .in,:  in  the  polai'  stratosphere.  The  Ashcan  da  a.  1  ti  general,  shows  a  'Mich  greater 

monthls  \arlabillt\'  than  does  the  lb\SP  data.  This  Is  pr  )abl;  due  prlmarlj\  to  the 

small  sample  taken  In  a  relatlvelv  restricted  area.  A  wlioie  Ashe  a  sam.ple  t\plcall\ 
measures  1000  scf  while  the  typical  lb\SP  sa-.ple  contains  10.000  to  20,000  scf.  In 
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StfOfltium  —  90.  dpm/iOOO  »cf 


HI6H  nllD  TfSTS 


MINNEAPOLIS  (SICHJX  CITY),  SAN  ANGELO 
Ki  iTL'  L’l!)  Aver.i'fd  Ashtiin  Data 


r,u 


Tungsten  -  185.  dpm/;000  icf 


U'.lil  1 1  1  on ,  u  luir.bor  of  llASi’  ^upplts  u  rt'  avoiai’L'il  for  farli  lotutlon  In  .i  montli  *lilU' 


the  Ashcaii  rii  1  1  y  cullittH  hut  one  Mir.jile  poi  altitude  per  month  at  eatli  station. 

Another  problem  \\lth  the  Ash(  an  s.u’ipl*t>  Is  the  relatl\u‘l)  lo*  eftlilenc)  of  (ollectlon 
N»hl(h  Is  not  onlv  altitude  depitidi'nt  but  also  partlele  s  l /.e  depenilent.  Only  •eneial 
trends  can  be  noted  with  aiu  reliability  In  th«'  Ashe  an  s.unples. 

Sou  t  h  I'o  1  a  r  He,'.  1  on 

In  si;ine  rc'speuts  the  (  otu  ent  r.it  1  ons  In  the  southern  pejlar  stratosphere'  (df)*-’  - 
10^  S)  are  slrillar  t  (j  those  of  the  northern  polar  s  t  I'ut  os  jilu' re- .  Lhirlni;  the  sprlni,, 
su'.i.ii  I'  and  earls  autu'nn  of  lor)i-5‘.t  (0<  t  otje  r  I'lfis  -  May  I'T)'*)  concentrations  generally 
welt'  at  a  i.axlau'  near  Gu ,  UOO  feet  showln;  that  lL\Rl/rACK-(iHAPl'lJi  debris  preferentially 
mixed  downw.ird  Into  this  rei.;lon  alonp,  sloplnr,  surlaces  r.uch  like  those  lolloped  b> 
the  IL'itU/rACK  tun.sten  debris  (see  below).  Uurln;  t  lu  winter  of  l'>r)b  (Ma>  throu'.h 
Au.  ist)  concentrations  Increased  larkcdl;.  esiietlall;,  at  '  e  hi,-,her  ultltalcs.  Pre- 
surablv  tills  was  caused  b>  an  Increa.'ln-  influx  f  rori  the  hi  her  equatorial  rei;lons 
at  that  time.  Cerium  datln,'  of  this  material  Indicates  that  It  Is  a  little  older 
than  that  found  in  the  lower  tropical  .stratosphere;  consequen 1 1  s  ,  It  is  felt  that 
only  a  small  fraction  of  the  increase  could  have  ecar.e  from  Teak  and  Oranpe.  Some 
ihodluii-H)2  was  produced  In  the  low  altitude  equatc^rlal  shots  of  HARDTACK  and  wcas 

/  O  \ 

lound  to  be  distributed  In  both  hemispheres  In  the  sane  manner  as  was  fin  ysten. 

However,  .somew'uit  larper  cpiantltles  ol  rhodium- 102  were  found  In  the  southernmost 
and  hlphest  pape^rs  collected  In  August  Ib.^y  (late  winter).  This  Is  considered  to 
be  the  first  piece  of  evidence  that  material  from  Teak  and  Oranpe  had  reached  the 
lower  s t la t os phe re .  '  ■'  ^  B\  the  next  winter  (June  luGo)  concentrations  had  Increased 

about  50%  .it  ail  altitudes  above  5u,u()0  ft"  !.  In  addition,  the  ape  ol  the*  debris 
had  become  soun  e'r  indicatln  a  furthe'r  Incursion  of  Teak  .uul  Ui'anpe  debris.  The' 
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v<M-T.l(ul  bC'cr.c'J  to  t>e  soint-vkha  t  tt.aii  tli.it  ..!  tt.f  in .  r  t  tu- ’ii  j.oi.ii 

•s  t  ra  t  i)S  jiho  rc .  Tills  nay  lie  part  1  'lly  Uju  to  tlu'  (ait  that  tho  soiitfierii  l.itltwlo 
■  obiMi  fur  lonipa  r  1  s  on  Is  .loser  to  the  in  1  il  -  1  n  t  1  t  ti  le  t  r.  p.  >)'.i  ise  hri.ik  *hiii'  f.istcr 
Influx  of  clean  ulr  ina>  occur  at  tlic  li*ir  altltiiles. 

U1  s  t  r  1  hu  1 1  on  of  Tun  :s  t  en- 1  Hfi 

Uuriiu;  tiie  course  o(  the  ItiVKUTACK  testln,;  In  Itifj'i  si’icral  *eai)on'  \*ere  1  l  i  el 
which  produced  lar/.e  quuiitltles  of  t  un, ' s  1 1  n  -  1  H5  (as  well  as  other  tun.sten  isotojio,). 

In  addition,  u  fiw  of  thes*.-  wi'apons  had  sifllcleiit  to'  1  v  l  e  1  c!  to  ln)e(t  a  larr.i 
fraction  of  the  ai  t  1  \  1  t  v  into  the  s  t  r.i  t  os  jilie  re  .  Thi'  produitlon  ol  t  un,;  s  '  en  -  1  So  h.is 
bi-en  variously  repor  t  eu .  ^  Lo<  kJi  a  r  t  ^ ^  si;Kcsts  th.it  proihn  t  1  on  In  t  )i  e  rrion  n  1  e.i  r 

weapons  can  nin  a.s  hti;h  us  four  W-1.S5  atoms  produced  p«  r  10  fl.ssiuns.  This  woil.l 
yield  a  “-luri  iir-'JU  aitlvily  ratio  o.  .itniut  IHUO.  Tlu  a.’'ount  mea.cired  in  the  strato¬ 
sphere  would  deiRTid  upor  the  nu  her  of  weapons  hurst  that  pro  lined  t  insteii  i.irp.iri  1 
to  the  total,  the  >leld  spe<  t run  lor  each,  and  the  ’ 1  ■  ,e  Intervals  between  b,rsts. 

In  addition,  the  sole'  t  1  on  of  .i  riderenie  late  to  co  j  .iie  t  uv  s  I  en  .uvl  stiontiin 
values  would  sfloit  the  apparent  ratio.  The  \alue:>  noted  in  dehris  Iro-  .i  t  ro[>o- 
sphc'rlc  souiie  could  he  ex;>e(  ted  to  \ar'.  subs  t  an  t  1  a  1  1  .  Iron  tli.it  i  o  1  n,,  Iro:  a 
stratospheric  source.  Loi  kfia  r  t  ^  ^  has  used  .i  W-ls.'j  Sr-'dU  ratio  ol  .!7.s  as  ol  1  .S 

Aui'.ust  ly.'iH  to  (ate;orl/.e  liAilDTACK  fallout.  Manl\^  has  used  .i  '.’.ilui  of  Id)  while 

( ^2) 

Martcll  has  used  a  '.alue  of  li  1  n  for  this  ruMo  as  <.f  1  .''i  Au,,ust  I'Kcd.  Tin  pre'.loc. 

report  (L)ASA-5d2)  estimated  an  elfectlvi  s  f  r  .i  t  os  jJie  i  l  <  huidin  .is  ol  lb  Auust  I'b' 
to  be  about  5J  mei;  a<  i  r  1  es .  Tills  is  •  r  owhat  low«  r  than  tlu  .U'.oiint  reporti  d  I  \ 

Martoll  but  seems  to  bo  lonslstent  with,  tto-  1  n  ■.  iii  t  o  r  ■,  .in  I  tlie  tot.il  liuentor'. 

of  50  meitacurlcb  (corroi  ted  to  1.5  Au;u.st  I'lbs)  throu  h  r).5i  In  r.ilnlall  .it  tlu  .s  irlaie 
calculated  bv  Hard>.^^*^  Maitell's  value  ol  I’lO  lor  the  (1I-1.5.5  dr-')0  ratio,  lu  wev<  r. 
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Is  In  O(;rcoment  with  the  amount  of  s  t  rout  1  and  tun,;sten  Injected  during; 

llAKUTACK  (exclusive  of  Teak  and  Oiani;e)  when  cal<ulatod  by  the  metluxl  described  In 

..  .  .  <2). 

tlu‘  pri'vlo.is  report. 

The  naterlal  from  the  LK  GflAPPl-£  serl  es,  whl  ch  showed  no  tiin,'st«i\  has  diluted 
thc'  ItAKI/rACK  debris  us  far  as  the  total  effective  W-1H5  Sr-90  ratio  for  the 
ecjuatorlal  re,- 1  on  Is  concerned.  A  v.i  1  ue  of  H5  for  this  ratio  us  of  1  “i  Au(,i  st  l')5H 
niav  falrlv  well  account  for  the  total  stratospheric  t  un,’s  t  en- 1  H5  s  t  ron  1 1  u:n-'>U  ratio. 
This  value  Is  In  lair  a-reenent  with  the  Porto  Alet;re,  brazil  average  of  ‘J .  ♦  17 

duiln-  July  1  'fiH-, March  lh5'J  which  would  be  expected  to  show  a  HARDTACK -GRAPPLE 
mixture  .is  si,:,csted  bv  Ma  r  t  e  1  1  .  ^ ^  It  should  be  polnte>d  out  that  the  averai:e  height 
of  Inuctiun  ol  tunfsten  was  sllyhtlv  lower  than  thc  average  height  of  Injection  of 
ur-h(i  1  roi  lURDTACK-GRAPPli;.  This  can  be  seen  bs  cocnparlni;  E:,;ure  17  with  the 
t  ui’stet)  li  uris  that  follow.  As  a  conseqience  the  fall<.>ut  cjf  HARDTACK  tungsten 
-av  not  be  .1  peilect  wa>  to  catenorlzi-  either  the  total  HARDTACK  Injection  or  the 
combined  HARDTACK-GRAPPLE  iniectlon.  However,  since  tunrsten  Is  a  unique  tracer  not 
obscure  1  h\  .i  pie-vious  h.ic k,- ro'ind  It  serves  as  an  Ideal  vehicle  to  study  transfer  of 
Iccwer  stratospheric  air  Iron  the  ecjiatorlal  region  to  other  re  ;  1  ons . 

Ki  'ures  throu,:h  31  show  blnonthly  plots  of  tunds  t  eui- 1 H5  concentrations  from 

Jcitc  her  I'lbh  th.rou  h  ,(prl  1  l‘,H>0.  All  except  Klpure  1  arc  plotted  with  a  linear 
1 .1  t  I  t  ud  1  na  1  c.ilo  .ind  a  .Inear  barone-trlc  pressure  scale.  Elpure  .3  1  Is  [.'lotted  with 
.1  linear  1  .i  t  i  t  idin.il  sc.ile  an  I  a  linear  barometric  [iressure  scale*.  Flpure  31  Is 
plotted  with  a  lliie.ii-  altitude  scale.  Several  fe.itures  of  note  nay  be  seen  In  the 
c'.cr.il  liicires.  First,  the  ecju.itori.il  n.ixlr.u.Ti  a;)[>cars  to  he  fixed  in  location 

*This  v.ilue  is  ohf.ili.ed  from  the  tur.rsten  .ind  strontlu-  values  averaged  In  the  e<irc 
ol  Mu  jc  pte:  her  I'bbh  trojMc.il  c  o  nc  e  n  t  r  .1 1  I  esns  .  The  tuiipsten  value-  selected  Is 
.11, ()(,)()  dj'in  and  tlie  strontium  v.ilui  selected  Is  UK)  djcin. 


6.3 


sliowltif;  no  s  1  (;  n  1  f  1  can  t  vcrllcal  rnuflon  a.s  woiil;)  l>c  fX[K.‘ctt“cl  In  '  Urcwc' r-L)<jl)M)n 

1  1  rcu  1  a  I  1  oti  ^  ur  In  the  t  >  pc  uf  c  I  rcu  1  a  t  1  on  h,i;;c.st<l  by  Lll)b\  aiul  Pa  1  me  r  .  ^ 

Indeed,  the  HAiiP  tunj^sten  data  are  <'nt»r«‘ly  1  lu  unpat  llj  1  e  with  this  latter  su  ■,;e,s  t  l  on 

ul'houi^h  till'  r,eni*rul  ccjhc  1  us  l  ons  cm  the  v  a  r  1  .iti  1  1  1  t  v  of  residence  time-  with  a  1  t  l  t  .ide  , 

latitude,  and  seasonal  time  of  s  t  r<»t  os  plie  rl  c  ln)eetlon  iiaehed  hv  Libby  and  Palmer 

(  d  7 ) 

do  diiree  with  the  c.  c^ni  1  us  1  ons  tci  be  drawn  f  rot  i  ttu-  ILMIP  clata.  '  Sc'Coiui  the 
tunitsten  apiaars  to  spread  northward  and  southward  1  roi:,  the  e'liatorlal  "laxln. 
a  1  on,;  slopln,;  lines  showini;  a  drop  of  alcout  Ib.OUti  leet  bx  the  tic  the  lebrl., 
reaches  7(1*’  latitude.  Third,  i  n  ven  t  cjr  l  (.■  s  e.i  1  c  ii  1  a  t  ed  froci  these  (L;ui'e;.  sho*  tl..it 
the  time  recpilred  for  the  first  hall  o;  the  tun  sti-n  to  depart  1  i  o'  the  s  t  i  .i  t  os  phe  re  • 
Is  less  than  one  yemr  and  that  departure  f  roin  the  stratosphere  Is  not  esponenti.il  in 
time,  Kather.  as  the  debris  a.es.  the  apparent  res  1  den '.t.'  tic  increasis.  poitdh, 

by  Deceiiiber  the  ecju.i  t  or  i  a  1  .v-lsfi  ar-'.»()  r.itio  (coi-ri'i  tel  tej  1  .h  Au.-.ust  I'C)  ) 

has  Iropjitd  f  rcH:;  the  h5  ll.ure  pree  i  o  i;.  1  ,  noted  to  aroint  10.  I'hls'indi  .itc'  cither 
that  the  ’unysteti  ha'.  bc.-en  leavln,;  thc'  s  t  ra  t  os  jitic  rc  l.istei  th.in  the  stronti  le  or 

lh.lt  the  mixture  has  been  dilutc-cj  with  extra  •>  t  rout  i  um-''o .  jIh'  loiT.ier  cone  le.lon 

seems  more  likely  In  vlc'w  o.'  the  1  .o  t  th.it  the  a'.c  ri-c  ILc\Ki)’l  ACK -<’dC\Pl  li  hr-''ii  ..e, 
injected  at  h  1  ’he  r  a  1  t  1  t  udes  than  t  h*  t  un,  :  '  >  n  .  'I  t  l,c  i  c  li.ei  lain  .i  s  uh.-- 1  an  I  i  ,i  1 

incursion  o  1  Ijoc  i  e  t  ii  r  -po  ,  there'  wi  m  1  1  h  .i  vc  !m  ei  .i  1 1  j  .  1 1  i ,  , '  •*  '  ■ '  I  '  b  >'  ti  t  >  i  i 

above  the  t  rojil  c  .i  1  t  r  i  ■  j  opa'li^  c  .  This  li.i  no  *  be  i  r.  '.'tel  (  >  i  i  fh  .i , '  t  •  i  I  )  .  lilt..  ’  1 .  i 

concentrations  in  the  .No  r  t  In  -  rn  lie  '  1 1  s  pin  i  '  ■  .i  .''i  r-  .i  1 1  i  th.in  t  pc ,  .  i  *  o  I  t  tie  do  1 1  h  e  ii, 

Hen  1  s  jihe  re  .  The  1  to  1  im  t  l  o  i  •  es  t  I  I  le.  I.i  ’i  .  .ti  a  i  t  ^  ^  1  o  r  J  .i  I .  l  .i  I  '  h'  ‘  i  ,i  oo  1 1 

CO r  rei  t  ,  In  >  we \'e  i' ,  t  tie  \  .i  1  ic  .s  li.e.'i '  t  en  Ic  1  1 1 .  i  j  i.i  1  i  .  i •  h',  i ',  1 '  oO  ,  K  i  ri.i  1  1  .  '  !.i 

t  u  II,,  s  t  ell  '.alas  sti  c  o,  a  m  l  n  l  c  .  in  the  v  .  '  .  :i  i  t  ■.  ,1  the  1  I'c  i,ii ,i  i  c  ,i  p  ,  11,1.,  >  •  •  .  1 

be  c  .111  ..ed  li .i  1  .i  r  i  s  c  .i  o  lio  r  1  ■  di  t  .i  .  i  .i  ndi  i  1  ii  .  b  ..  '1  .i  1  r  tool,  .ml  !  •  ■ :  t  li  hi  '  .c  i  n 
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tho  at  ratosiJi-.Tu  and  t  ropoa  plu' rr .  Thla  tyiMj  of  movement  would  cause  material 
inlxliii;  poleward  across  the  i;ap  from  the  hlpher  tropical  re,;loiis  to  he  placed  al¬ 
ternately  In  the  t  ropoa  jiiic  re  and  In  the  polar  a  t  ra  toa  jJie  re  . 

Some  of  the  above  plu'nomena  are  Illustrated  In  Flp’ure  ;!2.  Tills  flipire  was  con¬ 
structed  by  selcctlru:  the  maximum  values  of  tun,;sten  concent  rat  1  on  within  5  de^’roe 
latitude  bands  on  a  bimonthly  schedule.  Since  the  maxima  slope*  dcjwnward  toward  the 
poles,  the  ultltule  represented  at  hlpher  latltude^i  is  prc>i:  ress  1  ve  1  y  lower.  The 
"wind's"  (5n  the  should<'rs  of  the  "normal"  curve  are  quite  evident,  as  Is  the  Rradual 
(jlmlnutlon  of  all  the  maxima  with  time. 

All  of  th.e  above  tun/.*, fen  obsc  rvat  1  on.s  can  best  be  explaltu.l  b*  tb  Austau',ch 
or  turbulent  diffusion  cs/iicept  of  Spar^“*^*  modified  b>-  th'  pert  .rbatlon;.  Intro¬ 
duced  by  (1)  se'a.suiial  cliani;es  In  diffusion  r.ites,  (2)  si-asona!  va  r  i  .a  1 1  on;>  in  the 
tropopause  heli;ht,  (J)  sea.sonal  variation  In  locat'on  and  Intensity  of  the-  )et 
stream,  (  1)  seasonal  variation  in  the  location  and  .structure  of  tlu  t  ro|)oi)au.'-e  ,'ap. 
Further  discussion  of  Ihi.s  material  will  he  founl  in  Chapter  IX. 
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TUNGSTEN-ieS  ACTIVITY  (dpm/lOOO  SCF) 


FIGURE  32 


TUNGSTEN-ieS  ACTIVITIES  (Corrected  to  1 5  AUG  1950)  IN  THE 
ZONE  OF  MAXIMUM  TUNGSTEN -185  CONCENTRATION 


Chapter  VI 


BARIUk-MO,  aTRONTlUM-8‘J,  CERIUM-IM  RJ{ODIUM-102 
AND  PLirrONIUM  IN  HIE  STRATOSPHERE 


Intrcxluctloii 

When  a  number  of  atoma  of  flaalonablc  material  undergo  the  fission  process,  a 
lar^o  family  of  products  Is  formed.  Perhaps  as  many  as  100  different  radioisotopes 

with  half  lives  varying  from  loss  than  a  second  to  more  than  1000  years  are  formed. 

''351 

Dolan’  '  has  calculated  the  numi^r  of  each  of  those  elements  to  be  expected  as 
the  result  of  simultaneous  fast  neutron  (~1 1  Mcv)  fission  of  uranlum-23H.  Ninety 
or  more  mass  chains  are  produced,  each  contalnlnj^  a  i^roup  of  elements  which  more 
or  less  rapidly  decay  until  only  the  element  In  the  mass  chain  with  the  lonjjost 
half  life  (plus  Its  dau^^htera)  remains.  After  reachlnu  this  final  stajje,  each 
Isotope  decays  exponentially  with  a  characteristic  half-life  accordlni;  to  the 
expression; 

N  =  (3) 

where  i  =  1/  t  =  .G93/Tj  (  1) 

N  belnK  the  number  of  atoms  remainlni;  at  time,  t,  after  the  Initial  (or  apparent 
Initial)  quantity,  was  available.  l  Is  the  decay  constant  characteristic  of 

each  element  and  is  related  to  the  mean  lllc,  t,  and  lialf-llfe,  Tj,  as  Indicated  in 
(  o.  The  activity  or  rate  of  decay  at  any  time,  t,  Is  ^;lven  by  a  similar  expression. 

dN  dt  =  A  =  =  N)  =  (S) 

To  a  full-  upprox  1  na  1 1  on ,  mixed  fission  products  diminish  In  activity  accordlin;  to 
the  ro 1  a  t 1 onsh 1 p ; 

-1-2 

A  Ajt  (6) 
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whoro  Aj  Is  the  activity  at  unit  time  after  llssion  und  A  is  tlii'  uttii.it;,  ut  somt 
time,  t,  later  (or  earlier), 

Tahle  VIII  Is  a  tiihulatlon  I  rom  Dolun's  report  of  all  fission  products  vi  th  a 
half-life  >;reater  than  f)  days.  These  elemt-nts  were  seleited  to  Illustrate  the 
[K>sall>le  rad  1  oe  1  eme  n  t  s  available  f<ir  study  In  s  t  ra  t  os  jilie  r  1  e  or  loni'  ran  o  tropo¬ 
spheric  fallout.  Tfiey  arc  arrani;ed  In  ordcj-  of  Increasln;;  half-life.  Except  for 
mass  numticr  1  17,  the  elements  shown  are  those  in  any  one  mass  chain  wtiich  have  the 
lonr.eiit  half-life.  The  mlssinc,  mass  chairs  lietween  Mf)  and  !t>l  have  no  memtiers  with 
half-life  (greater  than  5  days.  With  the  ex(<*ptlon  of  Sh-12r>,  Te-127**,  1-1  11,  Xe-KiJ, 

Pi — 1  13,  and  Ptn- 1  17,  the  precursors  o*^  the  elements  shown  essentially  will  have  all  delayed 
within  one  month  after  detonation.  In  the  t  ase  of  tlie  exceptions  listed  abo\‘',  less 
than  d%  of  the  precursors  will  remain  one  month  after  detonation. 

Ninnally  sanples  c-ollected  In  the;  HASP  network  have  not  been  processed  In  the 
laboratory  In  a  period  of  time  less  than  one  month  after  detonation  of  the  weapon 
represented  In  the  filter.  This  apjiears  to  be  the  case  In  the  other  collection  pro- 
,;rans  referred  to  herein.  The  half-lives  shown  In  the*  table  are  expressed  in  days 
and  the  production  number  Is  that  numbcT  c>f  atoms  of  the  material  In  cjiiestion  which 
apparent  1  y  la  produced  for  every  10, ('00  fissions  at  the  Instant  of  detonation  when 
ohsorved  after  all  the  precursors  have  decayed.  This  nu.mber  Is  sll,;htly  preater 
than  the  su.m  of  the  atom.s  of  the  precursors  and  the  elc’ment  In  question  at  the 
Instant  of  fission  duo  to  the  holdup  time  of  final  piocJuctlon  concomitant  with  the 
decay  of  the  precurscjrs. 

*Tlie  asterisk  Ir.dl  cates  an  Isomer  of  the  nuclide 
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TabU-  VIII 


Ku.'i  t  Kl.‘>si"n  ProdiK  t  I’rodin  t  i  or  In  L!-2dH 


Eler.ient  S.  Muss  No 

Mu  1  r-1. 

1  fe 

Prixliu  t  1  on 

Element  (w  Muan  No 

Mai f-Ll fo 

Produc  t 1  on 

Xe-  Ki.i 

5.27 

d 

6  1() 

Ce-1  1  1 

2H5 

d 

I  to 

Th-lf)l 

r-.HH 

d 

1 

Hu- 106 

369 

d 

2  70 

An~lll 

7  .  G 

d 

H  1 

Eu-155 

620 

d 

25 

1-131 

M.  1 

d 

130 

Sb-125 

"30 

d 

H9 

Nd-1  17 

11.1 

d 

220 

Ptn-  1  17 

65 

>1 

222 

Uu-1  10 

12.  H 

d 

156 

Kr-H5 

37  60 

d 

10 

Cs-136 

12.9 

(1 

3 

Cb-137 

97  10 

d 

52  1 

I  r-1  13 

13.  70 

d 

396 

Sr-90 

10  100 

d 

300 

Eu-15<J 

15.  ; 

d 

16 

Sm-151 

3  1000 

d 

105 

Ce-1  11 

33.  1 

d 

132 

nc-7 

53 

d 

0 

Te-129* 

33.5 

d 

61 

C-i  1 

5760 

0 

Rii-103 

39.  H 

d 

150 

P-32 

11.5 

d 

0 

Cd-1 15* 

12.  f) 

d 

6 

Hh- 102 

2  10 

d 

0 

Sr-HO 

50 . 5 

d 

2  10 

Rh-102* 

? 

0 

Y-91 

57 

d 

3  1  1 

W-lHl 

120 

d 

0 

Zr-95 

65 

d 

170 

W-1H5 

7  5  .  H 

d 

0 

Tc-127* 

105 

d 

30 

Pb-210 

HO  30 

d 

0 

Sn-123 

136 

d 

7H 

Pn-239 

2 1 , 300 

>■ 

0 

Note;  The  clcTneiits  with  ^ero  productlt'n  are  ll.stoii  here  for  ('onvenlence  o  nly. 


A  nujober  of  these  Isotopes  sre  not  suitable  for  study  of  fallout  debris  for 


one  reason  or  another.  The  noble  Kasea  cannot  be  collected  by  a  particulate  filter, 
and  some  elements  are  volatile  and  will  not  remain  In  the  filter  paper  residue 
during  the  ashing  process  prior  to  radiochemical  separation.  The  decay  schenes 
of  some  elements  are  such  that  they  are  not  amenable  to  accurate  assay  either 
because  the  schemes  are  not  presently  well  known  or  because  the  beta  or  K^^^ia 
emission  spectra  of  several  elements  overlap.  Some  elements  such  as  Cd-115*,  Cs-lJ6, 
and  Tb-161  are  not  produced  In  ^reat  quantity  as  arc  other  more  tractable  elements. 

As  far  as  studies  of  world-wide  fallout  are  concerned,  c;ily  about  a  dozen 
mass  chains  are  worthy  of  study.  8r-90  and  Ca-137  arc  'tudled  because  their 
half-lives  are  lon^;  compared  to  stratospheric  residence  times  and  they  are  there¬ 
fore  useful  In  racasurln«  the  stratospheric  burden  and  mixing;  rates.  They  also 
are  major  contrlbu.ors  to  the  lont;  term  fallout  hazard.  Zr-9.^,  Ru-103,  106, 

Ce-111,  111  are  studied  because  they,  alon^;  with  Cs-137,  are  the  major  sources  of 

external  K^mraa  radiation  In  world-wide  fallout.  Ce-ltl  Is  also  useful  for  datln^; 
older  debris.  Sr-H9  and  Y-91  are  useful  for  datlnt;  debris  less  than  one  year  old 
and  I3a-110  Is  u.seful  for  dating  debris  only  a  few  months  old.  Mlx>-j  Ilssion 
prtHiiul  beta  balf-llfe  Is  another  useful  but  (jcrbaps  less  accurate  methcHl  of 
dating:  debris  up  to  a  few  months  old.  1-131  may  be  an  Important  rad  1  oe  1  cmenl  to 
con.sider  In  tropospheric  full<»ut  due-  lu  Its  s  t  run,;  toiulency  to  concentrate  In  the 
thyroid  eland.  Other  natural  or  neutron  activation  products  wtilch  arc  worth)  of 
stud)  for  the-  lielit  t(ie>  shed  on  stratospheric  mlxin;  processes  or  their  contri¬ 
bution  to  till’  fallout  hazard  Include  C- 1  1 ,  Pvi .  W-lhl,  1H5,  Pb-210,  Rli-102,  P-32,  and 
De-7. 
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Uutln^  Hitcl  1  oac 1 1  VC*  Dvbrlu 

One  method  of  de  1 1*  mil  ni  n^;  the  a(;e  of  uninlxed,  unfractionated  radioactive 
debrla  la  to  meaaure  the  ratio  of  activities  of  two  Isotopes  In  the  sample.  If 
the  Initial  actlvlt>  anil  hulf-llfe  of  each  are  known,  the  ratio  can  he  expressed 
aa  shown  below. 


The  half-life  of  the  ratio  Is  p'lvcn  b>  the  expression: 

Tjr  "  TJi,  X  (TJb  -  (10) 

Knowing  the  ratio  at  the  time  of  analysis  one  i  an  calculate  ’he  time  elapsed  since 
the  ratio  was  at  Its  original  value.  This  then  Is  the  age  of  the  debris.  In 
principle,  measurement  of  the  activity  ratlt>b  from  any  two  jienultimate  elements 
from  different  mass  chains  should  produce  the  su;:;e  age.  As  we  shall  see  below, 
several  complicating  factors  cun  arise  which  obscure  this  picture. 

Using  the  values  ot  .N^  and  TJ  shown  In  Table  VIII  one  can  deterralne  the 
Initial  activity  ratios,  It^j,  and  apparent  ratio  half-life  TJ^  “  number  of  nuclides. 
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Tal)!<>  IX  showa  these  values  for  the  nn)re  lmiK)rtaiit  lsotoi>es  incntlonel  above.  The 

u[H'  "  anil  lower  fl^ojres  at  the  row  and  <<)lu:nn  1  iit«|  raect  1  on  of  anv  two  eler.eiits 

are,  rc  s  pec  t  1  v  «>  1  >  ,  K,,  and  TI,-  I'xprensed  In  da>n.  Fcjr  cxtunple,  the  Sr-H't  Sr-bO 

activity  ratio  at  t  =  0  apparent  1)  Is  100  aril  It  d€*ca\b  with  u  half  life  ol  50.7 

dajb.  Although  W- 1 b5  Is  not  a  Ilsaion  product,  11  1b  Included  In  the  table  lor 

(  (jn  veil  1  (  tu  e .  The  two  valui.s  of  shown  in  each  box  are  based  on  the  eBtlnated  tuncsten 

to  flsbion  >  1  o  1  d  values  for  the  HARDTACK  and  HARDTACK-  I'r'LE  series  respectlvelv 

with  tj,  3  15  Auipist  1958.  These  are  the  s  t  ra  t  os  pJier  1  c  Injection  valucj  discussed 

In  Chapter  V. 

If  unf  rac  t  1  onati'd  clouds  of  two  similar  weapons  exploded  on  different  dates 
mix  tovicther,  it  Is  possible,  in  principle,  to  determine  the  dates  of  explosion  of 
each  and  th.c  relative  fraction  of  the  debris  from  each  In  the  soi.iple  collected. 

This  can  be  done  t)>  nuklnp,  a  judicious  selection  of  sevc'ral  lsoto[)eB  for  activity 
measurerrent .  In  practice,  however,  this  becomes  cpilte  difficult  and  tna\  even  be 
Impossible,  The  difficulties  have  been  discussed  extensively  by  LockJiart  ^  ^  ^ 
and  include;  (1)  fractionation  of  one  'sotojic  with  respect  to  another  durlni; 
trurisjxirt  through  the  atmosphere,  (2)  fractionation  by  the  ceil  lection  system,  (3) 
u.se  of  illfforent  fissionable  materials  subjected  to  a  variety  of  neut*-on  enerpy  spec¬ 
tra  resultlnr,  in  dlffc'rent  values  lor  R^^,  (1)  upwaid  shift  of  the  fission  product 
mass  spectrum  by  multiple  (n,‘)  leactlons  on  the  fission  products,  (5)  different 
times  of  arrival  ol  debris  from  the  saire  event  due  to  varied  paths  of  travel, 

(6)  uncertainties  in  the  measurement  of  isotopic  concentrations  in  the  sa.T.ples 
collected  f i  or  uncertainties  In  decav  schemes,  low  levels  of  activity  or  maskin;; 
by  other  elements,  (7)  a  background  reslduim  left  bv  a  scries  of  earlier  bursts, 
and  (8)  the'  li  flux  of  material  from  a  non-weapon  source  sich  as  the  1-131  which 
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F*Bt  Flsalon  Product  Isotopic  Activity  Ratio 
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eecapod  Into  tho  atmospfiiTo  In  the  Wlndscale  Incident.  Surface  aa/nplua  moaaorln>{ 


total  activity  taken  near  u  reactor  site  are  “specially  auhjoct  tc;  this  latter 

,  (dfi) 

source  of  error. 

Another  method  (jf  de  t  e  ral  n  1  rut  Iho  a^e  of  unmlxed,  simultaneously  fissioned 
debris  la  to  determine  the  apparent  half-life  of  the  total  beta  (or  >tamma) 
emission  from  the  .simple.  If  It  Is  assumed  that  the  t“^-^  law  holds,  then 
the  apparent  doca>  constant,  i,  at  any  one  moment  after  detonation  Is  a  decreaslnK 
function  of  the  time  since  burst.  This  value  of  1  can  be  determined  by  cons  t  me  1 1  ng 
an  exponential  acti\ity  curve  which  has  the  same  value  and  same  slope  as  the  actual 
activity  curve  at  srxne  selected  time.  Differentiating  equations  (5)  and  (6)  one 
obtal ns : 

^  =  -XA  and  (11) 

dt 

^  =  -1.2  Ait"^'^  X  =  -1.2  At*^  =  )A  (12) 

dt 

Sol  vl  fig  for  the  apparent  age,  t,  one  obtains  finally: 

t  =  1.21  =  1.2t  =  1.73Tj  =  T_3  (13) 

where  T  j  is  the  apparent  time  required  for  the  material  to  have  Its  activity 
reduced  to  three-tenths  of  Its  original  value  ( al ternst 1 vely  the  apparent  time 
required  to  lose  70%  of  Its  activity).  It  should  be  noted  that  the  apparent  times 
mentioned  above  refer  to  the  mathematically  constructed  exponential  curve  used  to 
determine  the  age  and  are  not  the  actual  times  required  for  the  activity  of  tht; 
real  debris  to  diminish  by  a  certain  amount,  since  these,  of  course.  Increase  as  the 
age  Increases.  A  simple  method  of  determining  the  age  using  th  1  s  t<»chnlqu»  is  to 
plot  the  activity  of  tho  sample  oi:  semi-log  paper  and  to  draw  a  tangent  to  tho 
curve  at  the  selected  date.  The  time  required  for  this  tangent  to  drop  from  10 
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to  3  iB,  then,  the  a^e  of  the  debrlu  at  the  point  In  time  at  which  the  tangent  Is 
drawn. 

Table  X  showa  aomo  typical  valuea  of  fresh  radlol aotupoa  Intercepted  In  the 
HASP  network  durln^;  1958.  In  addition,  a  sample  of  Krench  dobrls  collected  by 
B-57  alrcrafv,  during;  the  sprln^;  of  1960^^^^  la  Included.  All  the  data  are 
expressed  In  dpm/lOOO  act  corrected  to  aampllnt;  date  except  that  the  tuni;aton  Is 
corrected  to  15  Au»fvist  1958.  The  beta  half  life  Is  that  value  observed  10  days 
after  the  date  of  collection. 

It  can  be  seen  that  the  fresh  fraction  of  dobrls  In  the  atmosphere  found 
In  the  presence  of  older  dobrls  can  bo  dated  quite  well  usln^’  either  Ha- l-lO/Br-89  ratios 
(assumlnkt  all  of  both  Isotopes  came  from  the  most  recent  shot)  or  l>eta  half-life. 

Samples  1,  2,  6  and  7  fairly  accurately  date  dobrls  from  USSR  tests  as  do  samples  3 
and  5  for  UK  dobrls.  Sample  3  Is  probably  of  tropospheric  orlt;ln.  Sample  -1  from 
the  United  States  tost  shows  evidence  either  of  some  fractionation  or  of  mixing  with 
the  earlier  UK  shot,  since  the  shot  date  Is  not  plnixiinted  by  the  l>eta  a^’e  as  veil 
as  the  others.*  Tlie  Sr-H9/Sr-90  ratio  diies  pln(x)int  the  date  fairly  well,  howevt*r. 
Sample  I  has  a  ,:reat  deal  of  tu^^;sten- 185  In  it  with  a  W-185  Sr-9U  ratio  at  shot  time 
of  n  t  least  1150.  This  Is  the  sain**  order  of  ma,;nltude  for  the  maximum  ratio  calcu- 
lated  by  Ixx'khart  from  data  collected  aloni*  t  h**  80*'  merldla.n  In  June  195K. 

In  kjoneral,  the  apparent  a^;**  calculated  uslr.c;  ratios  with  the  strontlum-90  In 
those  samples  will  yield  an  earlier  date  of  apparent  orlccln  than  that  olitalned  with 
the  nuclides  of  shorter  lialf-llfe.  However,  If  the  bac ki; round  valu<*s  of  Ce-ldl, 

Si — 90,  Si — 89  and  'Zr-95  observ*-d  ;n  samples  obtained  durln,;  the  month  pricer  to  the 
fi<*sh  Intercept  are  subtruct**d  Iroci  lh«*  values  shown  in  t  h«*  table,  th<‘i  most  of 

the  ratios  ,'enerally  t<>nd  t<>  approac  ;i  their  n- spec  1 1  ve  theoretical  values.  In  t.'u* 

•  The  prescTK  e  of  lari'e  quuntltle.-  o'^  activated  tungsten  will  tend  to  increase  the 
apparent  a,;e  based  on  beta  half  11,  of  mix«*d  flsslor,  products. 
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•  Corrected  to  sa,-np.ii..^  date  •■•x<ept  a-'.«5  Is  c(>rro<'te<i  to  15  Aui^  195h. 

••  From  Sr-H9  Sr- 9')  rati< 


caso  of  weapons  fired  w«- 1  1  above  the  hurfuce  of  ttie  earth  (such  as  In  the  <  ase  of 
the  1‘J5H  U*'  and  USSR  detonations)  little  f  rat  1 1  onu  t  1  on  Is  noted.  Surface  bursts 
will  dlspla)  a  ttreatcr  dt*nree  ol  fractionation.  For  Instance,  the  etjuatorlal 
■sajiiilos  lollected  from  1‘dSH  throu(;h  lUGO  seee".  to  be  depleted  In  Ce-1  II. 

Distribution  of  Iiarlum-1  10  and  S t  ront  1  um-rth 

As  described  In  the  previous  section,  barlum-l  10  and  btrontlum-H9  can  be  used 
to  date  debris  a  few  months  old.  As  a  consequeiue,  a  study  t)f  the  ratio  of  these 
Isotopes  from  place  to  place  Immediately  aftei  a  tost  series  can  shed  stMe  lluht 
on  the  extent  oi  mixing;  In  the  stratosphere  durlnf;  the  first  few  months  after  the 
series.  Figure  .32  displays  the  Ba-llO'Sr-HG  ratios  In  the  stratosphere  during 
late  195H.  The  dotted  lines  sfiow  the  theoretltal  sloi)e  from  the  Ult  GRAPPLE  shots 
and  Soviet  series  in  September  and  October  195H.  Dlfierent  latitude  bands  are 
represented  by  the  shape  of  the  plotted  ixilnts. 

In  the  30"  to  10"i)  band,  the  ratio  has  risen  by  early  October  from  a  low  value 
to  that  expa'ctod  f  nim  the  UK  shots  but  then  drops  away  faster  than  the  theoretical 
value.  This  fall  Is  probably  due  to  an  Incursion  of  older  Sr-H9  from  the  HARDTACK 
series.  In  the  equatorial  belt  the  ratio  rises  to  the  value  expected  from  the 
UK  shots  by  the  end  of  September  and  falls  aloni:  the  theoretical  slope  until  mid-November 
when  the  ratio  suddenly  rises  to  the  value  expected  from  the  Soviet  test  series.  TTic 
tine  1  ai;  noted  between  the  UK  shots  and  the  peak  In  the  ratio  Is  a  measure  of  the 
time  required  for  the  easterly  zonal  winds  to  carry  the  debris  from  the  test  site 
Into  the  HASP  sampllnp  network.  The  mid-November  rise  Is  apparently  due  to  the 
southward  mixing  of  the  Soviet  debris. 

The  debris  noted  In  the  20”  N  to  'o"  N  band  represents  a  mixture  of  Soviet  and 
UK  debris.  The  UK  ilebrls  did  not  contrlt)ute  as  much  here  as  It  did  In  the  equatorial 
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reKlon  (the  latitude  of  the  teat)  while  the  Soviet  debria  contributed  more  here 
than  It  did  in  the  equatorial  region.  One  would  exp>ect  the  hl^'h  latitude  Soviet  debria 
which  reached  the  equatorial  region  to  have  passed  through  the  temperate  region.  This 
Is  shown  to  be  ao  by  tl9>s  data  alnce  the  temperate  zone  values  show  proportionately 
more  debris  than  the  equatorial  region  and  also  show  an  earlier  rise. 

In  general  ,  the  ratios  noted  In  the  30*^  N  to  .*>0*^  N  band  show  Ba-l  lO  and  Sr-H9 
exclusively  from  the  Soviet  shots  of  early  October.  Howevei  ,  the  debris  measured 
at  50“  N  to  70^  N  (the  latitude  of  the  Soviet  test  site)  Indicates  .somewhat  lower 
values.  Apparently  the  circulation  in  the  polar  stratosphere  was  not  symmetrical 
around  the  [>ole  at  this  time  but  circulated  around  a  i)olnt  displaced  toward  Canada. 

As  a  result,  older  Sr-89  from  the  HAROTACK  and  GRAPPLE  tests  depressed  the  values 
In  the  highest  latitude  region. 

Since  the  hulf-llfe  of  Sr-89  is  about  three  times  that  of  Ba-110,  Sr-89/Sr-90 
ratios  can  usefully  trace  debris  from  various  nuclear  test  series  up  to  a  year  after 
the  scries.  In  addition,  some  of  the  tendency  for  fractionation  between  Iscjtopcs  is 
reduced  since  Sr-89  and  Sr-90  are  chemically  similar  and  both  have  u  rare  gas  pre¬ 
cursor.  Figure  31  showd  Sr-89'Sr-90  ratios  plotted  versus  time  for  three  regions  of 
the  stratosphere:  the  tropical  stratosphere  (30*^  North  -  30^  South),  the  northern 
polar  stratosphere  (north  of  30*^  North)  and  the  southern  polar  stratosphere  (south 
of  30^^  South).  For  the  tropical  stratosphere  only  samples  collected  at  60,000  to 
70,000  feet  were  used.  For  the  northern  f)olar  and  southern  polar  stratosphere  the 
data  were  divided  Into  three  sets;  one  for  samples  collected  at  30,000  to  35,000 
feet,  a  second  for  samples  collected  at  10,000  to  55,000  feet,  and  a  third  for  samples 
collected  at  60,000  to  70,000  feet.  A  curve  has  been  drawn  through  the  points  for 

the  tropical  stratosphere  and  this  curve  has  been  repeated  In  the  other  two  regions 
for  purposes  of  comparison. 
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FIGURE  VARIATION  WITH  TIME  OF  THE  MONTHLY  AVERAGE  FOR  Sr®®/Sr^  SAMPLES 


Between  November  1958  and  September  1959  the  ratio  In  debris  In  the  tropical 


Btratoaphere  fell  In  response  to  the  decay  of  8trontlum-89.  The  apparent  date  of 
orl((ln  of  this  debrla,  obtained  by  extrapolatlnt;  the  line  back  to  a  ratio  of  160, 
la  25  July  1958,  In  k^ckI  a^.'ooment  with  Ita  derivation  from  llARI/TACK.  Alter 
September  1959  the  ratio  ceased  to  fall,  either  because  of  the  influx  of  younger 
material  from  some  other  region  of  the  stratosphere  or,  more  likely,  because  the 
strontlum-89  could  not  be  measured  accurately  In  the  low  concentrations  present  In 
the  tropical  stratosphere  In  late  1959. 

By  January  1959,  the  debris  sampled  In  the  northern  polar  stratosphere  had  the 
same  apparent  ngn  as  that  sampled  In  the  tropical  stratosphere.  This  correspondence 
In  apparent  a*;e  between  the  polar  and  tropical  stratosphere  continued  until  at  least 
September  1959, 

There  are  two  explanations  for  the  apparent  age  of  the  debris  in  the  northern 
p>olar  stratosphere.  The  first  is  that  it  represents  a  mixture  of  debris  from  the 
October  1958  Soviet  tests  with  older  debris.  If  it  Is  assumed  that  the  older  debris 
contained  no  8trontiun>-89 ,  the  Soviet  debris  contributed  about  27  percent  of  the 
8trontlum-90  in  the  polar  stratosphere.  If  the  old  debris  did  contain  strontlum-89, 
less  than  27  percent  of  the  strontiuia-90  came  from  the  October  1958  Soviet  tests. 

The  second  explanation  for  the  apparent  a^e  assumes  that  virtually  all  debris  from 
Soviet  tests  had  fallen  out,  or  at  least  had  not  been  mixed  Into  the  part  of  the 
stratosphere  which  HASP  was  sampling,  and  that  the  apparent  of  the  debris  was 

caused  by  the  transfer  of  lar^e  quantities  of  debris  from  HARDTACK  Into  the  polar 
stratosphere.  Perhaps  some  Soviet  debris  remained  In  the  very  low  stratosphere 
below  40,000  feet  but.  If  It  did.  It  was  certainly  present  even  there  only  In  low 
concentrations. 
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The  chanK«  In  Sr-89/3r-90  ratio  which  occurred  in  the  northern  polar  strato¬ 


sphere  in  October  1959  is  siai lar  to  that  which  occurred  in  the  tropical  stratosphere 
at  the  saate  tlae.  Attain  it  seeaa  Bore  likely  that  the  failure  of  the  ratio  to 
continue  fallin^t  is  due  to  analytical  error  rather  than  to  the  Influx  of  young 
material,  especially  since  the  ratio  for  debris  from  40,000  to  55,000  feet  becaae 
higher  than  that  for  debris  from  60,000  to  70,000  feet  and  the  only  likely  source  of 
younger  material  lay  above  70,000  feet. 

(33 ) 

Measurements  of  the  Sr-89/Si^90  ratio  In  surface  air  made  by  Lockhart  show 

that  approximately  75  to  80  percent  of  the  Sr-90  activity  in  the  northern  hemisphere 

during  the  spring  of  1959  caska  from  the  Soviet  series,  with  activities  before 

February  and  after  August  showing  higher  concentrations  of  older  debris  (HAiU/TACK 

and  GRAPP1£).  The  apparent  disappearance  of  Soviet  debris  f^^m  the  northern 

C33  39  40  41) 

stratosphere  supports  the  suggestion  made  by  various  investigators^  ,  ,  ,  f 

most  of  this  debris  was  removed  from  the  atstosphere  during  the  spring  of  1959  (See 
Chapter  X). 

The  Sr-89/Sr-90  ratio  in  debris  in  the  southern  polar  stratosphere  was  lower 
than  that  in  debris  in  the  tropical  and  northern  polar  stratosphere  throughout  early 
1959.  However,  the  ratio  increased  steadily  during  this  interval  and  by  mid- 1959  It 
was  the  same  (or  almost  the  same)  in  the  southern  polar  stratosphere  as  It  was  in  the 
tropical  stratosphere.  Even  in  September  and  October  1958  the  apparent  age  of  debris 
in  the  Southern  Hemisphere  was  only  two  aionths  older,  for  debris  at  40,000  to  55,000 
feet,  or  five  months  old»'r,  for  debris  at  60,000  to  70,000  feet,  than  that  of  debris 
in  the  tropical  stratosphere.  The  variation  with  altitude  of  the  apparent  age  of 
this  debris  suggests  that  either  HARDTACK  debris  mixed  preferentially  into  the  low 
southern  polar  stratosphere  or  that  HARDTACK  debris  from  higher  altitudes  mixed 
with  more  older  debris  (either  in  the  tropical  or  in  the  southern  polar 
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stratosphere)  than  did  HARDTACK  debris  from  lower  altitudes. 

l.ockliart  '  s^  measurements  of  Sr-H9  at  the  surface  In  the  S(juthcrn  Hemisphere 
show  a  trend  of  the  Sr-Hy/Sr-90  ratio  durln^;  1959  similar  to  that  observed  at  the 
00,000  foot  level  with  values  slowly  chan^;lnK  from  about  l/5th  that  of  the  Northern 
Hemlsjjhere  In  January  to  about  equal  amounts  In  both  hemispheres  by  September. 

Distribution  of  Cerlum-lll 

As  seen  above,  strontlum-H9  measurements  In  the  stratosphere  are  useful  In 
tracing  debris  for  about  one  year  before  the  concentrations  become  too  low  for 
accurate  analysis.  Cerl  u.m- 1  1  I  with  Its  hulf-lfe  of  2M5  days  may  be  useful  for  periods 
up  to  3  or  I  years.  Flpuire  3u  shows  the  Ce-llt/Sr-90  ratios  measured  In  HASP  and  some 
Ashian  samples  versus  time  for  three  regions  of  the  stratosphere.  The  depiction  Is 
similar  to  that  of  the  Sr-H9/Sr-90  ratios  shown  In  FI ;ure  31. 

For  samples  collectc-d  In  the  tropical  st  ratosiihorc  since  September  1958,  the 
data  fit  the  theoretical  decay  curve  for  this  ratio  quite  satisfactorily  as  did  the 
Sr-H9  data.  For  samples  collected  In  the  nort*'ern  p<ilar  stratosphere  durlnp  this 
sa-me  Interval  the  data  show  more  scatter  and  there  Is  a  distinct  difference  between 
the  ratio  In  samples  collected  at  55,000  feet  and  below  and  that  In  samples  collected 
ai  60,000  feet  and  als've.  Ihc*  data  for  samples  collected  In  the  southern  polar 
stratosphere  show  oven  more  scatter  thoui:h  there  Is  no  obvious  altitude'  effect.  In 
all  replons  of  the  stratosphere  which  were  samplc'd,  the  apparent  ai;e  of  the  debris  Is 
older  according  to  this  ratio  than  to  the  Sr-H9'Sr-90  ratio,  probably  because  the 
bulk  of  the  debris  present  In  these  ret;lons  was  derived  from  United  States  j;round 
shots  In  the  Pacific  which  produced  f  rac't  i  onat  1  on  of  strontiur-90  relative  to 
cc'rlum-111.  ('Illy  two  l-p<>rtant  sources  exist  which  could  contribute  debris  with  a 
Ce-111  Sr-9I)  ratio  hi  ;her  than  that  found  In  debris  In  the  tropical  s  t  r.a  t  os  ;)he  re  ; 


inateilal  fri>ni  thto  Oitobor  lOTiS  Sovlrt,  and  tnat<'rl«l  fnin  thr  Auitust  Unlfc'd 

btati'.s  hl'h  altlluir  r'Mkct  shuts.  The  raflu  should  hr  higher  In  drhrl  «  f  rcwn  ttwsc 
s..,i<('.s  Hltuf  pr<ihuhl\  prtxlni'd  lu)  f  rai  t  i  ona  t  1  on  and  worr  f  1  rrd  latrr.  Flk'irf 

iri  shews  tho  t  h('<  1  rc‘ 1 1  ca  1  slo[>o  f  I'oi'.  thfsi’  t  sourtos. 

HASP  Dat^i 

In  the  norlhom  jxilar  s  f  ra  t  os  ph«' r«  dirlr.  t  hr*  sprint  and  Hii'nmcr  of  lO'ih  ther<' 
was  a  nt'i'a t  1 i:ra(ll<'nt  In  the  Sr-‘>0  r.itle.,  thr  v.tl  ics  at  thr  hl,:hrst  altltud** 

hflnr  lower  than  f  ho  tro)ilial  '.aluos  wti  1  1  r  the  valiios  hel'w  fci-t  helnc  hl;hor  th 

the  tropltnl  vul  jos.  As  tl^o  proi;  r<‘S  sod .  ’nost  of  tho  '.i>nr.  oi  lobrls  at  tho  li'wor 
aMlttdos  (from  thr  laovlet  sirlos)  do[»nrtOil  from  th<  str.it  ,phoro  wh  1  1  o  sefno  of  the 
romalndor  -a;,  hav<  ■  l  xed  iipwanl.  B>  0<toboi  10^‘*  .til  iltl'  i  hs  had  tho  sonr  ratio 
as  that  of  tho  treoual  s  t  rat  ospl.c  ro .  TlX'  lobrls  ;  r<  i  ’  it  r>(l ,  nf)0  to  70,000  foot 

had  a  bll;htl>  lower  ratio  than  found  In  'he  tropli.ie  '  r.i  t  ■  >s  pfi  I'ro  probably  il  to  to  a 

snail  bacKitroiirid  o;  t’le-HAlUJTAOK  dobrls.  The  nopat  l  to  rallent  obser»*il  In  those 
ccrlnr-l  ll  lata  is  not  as  apparort  in  the  s  t  ron  1 1  urn- s'  lata  .ibovo.  Tills  is  probahl', 
duo  to  the  faet  that  tho  Soviet  debris  which  at  'ount:  fiir  the  hlrhor  valuos  at  lower 
altitudes  Is  relatively  in  (  rat  t  i  ona  t  o'l  while  the  It/MU/TACK  ilebrls  is  relatively  morn 
dopletod  of  t  erl  in- 1  1  1 .  In  any  event,  the  et>rlur-lli  lata  sippests  that  tho  Soviet 
contribution  lurlnp  early  lohO  actounted  frtr  no  more  than  20%  of  thr  S  t  non  t  1  um-"0 
activity  In  the  northern  s t ra t os ;  lo  re  bo  1 ow  HO , 000  foot. 

Sturt  liu;  In  October  I'hhu  and  eonturrrnt  with  the  list  in  Sr-'*0  cotu  en  t  ra  t  1  on 
noted  In  Klpurr  21,  thi  Ce-l  11  Sr-''n  ra'lo  nakis  an  abrupt  rise  at  tho  (10 , 000-70 , 000 
foot  U'vel.  A  few  nonths  later  a  s  i  ■  i  1  ii  i  i  l  s«'  is  noted  at  thr'  1  owi  r  altitudes.  It 
Is  quite  r'vident  that  this  ■•’.atertal  lid  not  vurm-  i  rn"  the  troplial  rei;lons  siunfiled, 

II  Is  suppested  that  the  maior  f  rar  t  i  on  <  t  t  h  1  r'  irurr'as«'  Is  due  to  an  inrursloti  ol 


debris  from  Teak  and  Orange.  Some  quantitative  estimate  of  the  fraction  of  Teak  and 


Oran^;e  In  this  rot^lon  tan  now  be  made. 

From  Figure  2la  It  can  bo  seen  that  at  the  hlKhost  altitude  In  the  region  of  60*^ 
to  65*’  N  the  Sr-90  baclu;rourul  rose  1  rorr.  about  150  to  225  dpnt'lOOO  scf,  ao  that  b 
Dccem!)er  over  30%  of  the  amount  present  Is  from,  a  recent  Influx.  Vfhlle  part  of  this 
may  have  been  from  tli/?  equatorial  re>'l<)n,  the  Increase  at  Itjwer  latltudoa  Is  not 
as  pronounced^^^  and  su^uests  that  the  equatorial  rec.lor  Is  not  the  major  aource  of 
Sr-00  Increase.  L'sln;  the  Co-1  II  Sr-90  ratio  It  can  bo  seen  from  Figure  35  that  on 
1  June  19G0  the  tr(jplcal  avera/o  was  5.0  while  the  north  polar  average  at  the  hl^h 
altitudes  was  abcxit  G.6  As3umln^,’  that  .eak  and  0ran^:e  had  an  Initial  production 
ratio  of  39  and  Is  unfractionated,  one  would  expect  this  debris  to  have  a  value  of 
about  M .  on  1  June  19G0.  Assu^.ln^;  further  that  the  Increase  In  concentration  of 
cerium- 1  11  was  due  only  to  Influx  from  Teak  and  Orani’e,  It  appears  that  as  an  upper 
limit,  10%  of  the  s t ron 1 1  icm-OO  actl\'it>  in  the  northern  polar  stratosphere  between 
60,000  and  70,000  feet  was  pio<iuced  by  Teak  and  Oranpe.  While  some  of  this  corlun-lll 
may  ha\'e  corie  fro-  debris  1  ror:.  the  Soviet  test  of  195H,  other  ovliienco  suitnests  most 
of  the  Soviet  debris  was  removed  fi.i'-,  the  s  t  rat  o.s  ph«>  re  by  this  time.  Conclusive 
eviderue  provided  b\  rhod  1  ur.- 1 02  data  that  debris  from  at  least  0rani;e  and  probably 
also  Teak  entered  the  lower  stratosphere  In  the  fall  of  1959  will  be  presented  later 
In  this  chapter. 


Ashcan  Data 

The  Astu  an  data  shown  on  Fipurc  35  indicates  tlial  sometime  durlni;  the  winter  of 
1958  -  1959  fresh  debris  ent<  red  the  irirthern  polar  stratosphere  at  the  80,000  and 
90, ()()()  l(jot  levels.  The  Ce-1  11  Sr-90  ratios  at  80,000  feet  rose  to  values  similar  to 
that  assoiiatcd  with  the  IbMiOTACK-CiftAFl'lJ;  debris  while  tne  ratios  at  90,000  feet 
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ro««  to  values  aora  characteristic  of  Teak  and  Orange  or  Soviet  debris.  Salter^ 
has  Indicated  that  starting  In  July  19S9  the  debris  at  90,000  feet  started  alxlng 
downward  and  that  by  October  the  Ce-1  •14/Sr-9C  ratio  at  80,000  feet  was  the  saae 
as  at  90,000  feet  (See  figure  36).  It  was  the  aonth  of  October  1959  that  marked  the 
beginning  of  the  rise  In  the  Ce-UVSr-90  ratio  at  60,000  to  70,000  feet  In  the 
northern  polar  HASP  aeasu remen ts  (figure  35)  so  these  Ashcan  data  are  not  Inconsistent 
with  the  HASP  data. 

Soviet  Debris  vs  Teak  and  Orange 

While  it  cannot  be  categorically  shown  that  the  high  values  of  the  Co-l‘lV/Sr-S0 

ratio  at  90,000  feet  In  the  spring  of  1959  are  definitely  from  the  Soviet  series 

alone  or  from  Teak  and  Orange  alone,  downward  mixing  from  Teak  and  Orange  Is  strongly 

suggested  and  It  Is  possible  that  these  90,000  foot  Ashcan  collections  of  March  and 

April  at  Sioux  City  are  the  first  recorded  collections  of  debris  from  Teak  and  Orange. 

There  are  several  additional  reasons  for  believing  that  the  high  Ce-14l/Sr-90  ratios 

In  the  Ashcan  collections  are  not  wholly  from  Soviet  debris, 

first.  It  seems  unlikely  that  debris  from  the  Soviet  series  would  r.ppear  at  all 

(  39) 

altitudes  except  80,000  feet.*  Murayama  has  shown  rather  convincingly  that  the 
large  Increase  of  strontlun-90  at  80,000  feet  In  the  northern  stratosphere  was  almost 
exclusively  from  testing  In  the  equatorial  regions  (See  figure  21b).  tungsten  marked 

debris  did  not  rise  as  high  as  did  the  average  etrontluin-90  Injections,  consequently  the 

material  entering  the  80,000  foot  level  had  a  lower  than  normal  tungsten  concentration. 
At  90,000  feet  the  Sr-90  Increase  was  not  as  pronounced  as  that  at  80,000  feet  but 
surprisingly  the  debris  at  90,000  feet  seemed  to  have  more  than  Its  share  of  tungsten. 
One  possibility  that  suggests  Itself  Is  that  the  Ashcan  sampler  had  a  lower  collection 
efficiency  for  st.'ontlum-90  at  the  highest  altitudes  (Some  reasons  for  this  possibility 
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have  b«en  outlined  In  Chapter  III).  Thla  notion  ia  aupported  by  the  fact  that,  In 


the  paat,  the  atrontlufli-9U  profile  haa  dlnlnlahed  at  higher  altltudea  faater  than 
haa  the  carbon-1  I  profile  meaaured  at  the  aaae  tlme^^^.  In  addition,  Murayajsa^ 
haa  alao  ahoam  that  Ca-137'Sr-90  ratloa  In  Aahcan  aanplea  are  hlKher  than  thoae 
In  the  HASP  aamplea  and  alao  hlKher  than  the  theoretically  expected  value  (2.S  va . 

1  .  H)  ,  a^aln  auKKeatlntt  lowered  atrontluffl-90  collection  efficiency.  In  other  worda , 
the  definite  poaalblllty  exlata  that  the  hl^h  Ce-ltl/Sr-90  ratios  observed  at 
90,000  feet  are  not  representative  of  the  debris  aaaipled. 

The  second  arKuaent  SKSlnat  a  larKC  quantity  of  Soviet  debris  reaslnlnx  In  the 
hlKh  northern  stratosphere  la  the  fact  that  a  lar^e  fraction  of  the  Soviet  Injection 
of  19S8  can  be  accounted  for  In  rainfall  and  lower  stratospheric  HASP  saaplea  through 
Novfjaber  1959.  Using  a  Sr-H9  Sr-90  ratio  of  160  at  tlae  of  formation  and  the 
Increased  HASP  atrontlun-90  Inventories  described  above  as  aodl f 1  cat  1  ons ,  the  aethod 
of  Inventory  used  by  Te legadas ^  ^ ^ ^  auggeats  that  0.85  ♦  0.15  aegacurles  of  Sr-90 
originating  from  the  1958  Soviet  series  can  be  accounted  for  below  70,000  feet. 
Probably  no  more  than  0.25  aegacurles  of  the  original  production  from  the  Soviet 
series  reaalns  unaccounted  for. 

The  final  argument  against  there  being  large  quantities  of  Soviet  debris  In  the 
higher  stratosphere  as  late  as  inld-1960  la  the  rather  ayrsaetrlcal  distribution  of 
atrontlua-90  between  hemispheres.  The  highest  concent  rat  1 ona  are  found  at  the  high¬ 
est  altltudea  and  at  the  highest  latitudes  with  the  total  Inventory  In  the  Northern 
Hemisphere  being  no  more  than  35%  greater  than  that  of  the  Southern  Hemisphere.  If 
any  Soviet  debris  migrated  Into  the  Southern  Hemisphere  It  must  have  done  so  at  a 
level  above  70,000  feet  as  there  la  little  evidence  at  all  of  thin  debris  below 
70,000  feet  In  the  equatorial  region.  In  addition,  the  Ce-1  11  Sr-90  ratios  during 
mld-1960  do  not  differ  too  markedly  between  the  Northern  and  Southern  Hemisphere. 


Kn'ar«‘  .1  r  thowB  c  repr«»*c‘ntat  1  ve  aamplln*;  of  the  Ce-1  ll/Sr-90  ratios  obtained  during 


t’haae  V  Hajnplln^.  (See  also  Tables  V  and  VI)  While  the  Northern  Hemisphere  values 
are  iU  to  2t)^  higher  than  the  Southern  Hemisphere  values  at  ■lo'^  latitude,  the  hlKhsst 
values  are  found  at  the  hl»(heat  latitudes  and  hl»;hest  altitudes  in  both  hemispheres. 
Further  dlsrutslon  on  this  pt)lnt  will  bo  found  In  tho  section  on  rhodium- 102  below. 

It  la  noted  also  that  the  balloon  valuea  a^aln  are  somewhat  higher  than  the  aircraft 
values  at  equivalent  altitudes. 

Willie  all  of  the  above  arguments  by  no  means  prove  that  no  Soviet  debris  la  left 
In  the  atmosphere  they  certainly  tend  to  show  that  sane  other  source  oi  debris, 
namely  Teak  and  Oraru;e,  is  contributlnK  to  the  concent  ra  1 1  ona  found  at  h  ifh  latitudes. 
1 1  seema  reasonable  to  assume  that  at  least  half  of  the  Increase  In  com ent rat  1  on  of 
St  ront  1  um-‘.)0  at  the  hlK’h  latitudes  durlnj?  the  winter  of  195(1-1960  was  due  to  Teak 
and  Orange.  This  asauroptlon  Is  supported  by  the  results  of  measurements  of  rhodlum- 
102  described  below.  If  the  assumption  Is  correct  the  upper  limit  of  the  s  t  ront  I  ujd-90 
Increase  due  to  Teak  and  Orange  of  10^  a*  sunKested  earlier  In  this  chapter  Is  re¬ 
duced  to  20%. 

Distribution  of  Rhodium -102 

In  the  previous  report  (DA£A  532),  stratospheric  concentrations  of  rhodlum-102 
were  reported  lor  the  pcfrlod  July  195M  to  August  1959.  During  that  period  the 
rixlmuni  concentrations  were  found  iti  the  tropical  s  I  ra  t  os  [)hcre  alonp  with  c  cincen- 
tratlons  in  both  the  polar  stratospheres  ont-half  to  '^ne-quarter  that  of  the  tropical 
rei'liin.  Since  ttiat  time  the  picture  has  chanqed  radically. 

Apparently  there  have  been  two  distinct  aources  of  rhodlum-102  Injected  into 
the  s  t  ra  t  cjsphe  re .  Approximately  J  mectacurles  of  rhodlum-102  were  produced  In 
OranKe,  the  seccjiid  hl^;h  \lelcl  rocket  shot^'^^^  tired  at  the  end  of  the  HARDTACK  series. 
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It  la  aati;nated  that  aa  much  aa  O.J  mvKac  rl  ea  »'a>r*  prodvicod  In  amvcral  other  low 
altitude  ourata  of  the  HARDTACK  acrlei..  Th  1  a  latter  aource  may  have  Injected  aa 
much  aa  U.15  mattacurlea  Into  the  atratoaphere  with  an  ultimate  dtetrlbutlon  alallar 
to  that  of  tunKaten.  It  la  unlikely  that  more  than  0.02  manecurlaa  from  thla  source 
remained  In  the  atratoaphere  after  May  1960. 

AccordlhK  to  data  obtalnel  by  Kalkateln  at  AfCRI.  threuKh  the  analyala  of  filter 
aamplea  of  at  ratoapherl  c  air,  the  a  t  ra  toa  r^her  1  c  concent  rat  1  ona  of  rhodluB-102  In 
the  Northern  Haolaphera  Increased  during  the  autumn  of  1959  to  valuea  above  thoae 
attributable  to  injactlona  of  rhodtun-102  by  HARDTACK  surface  bursts.  Measuresanta 
of  at  ratospherl  c  air  In  the  Southern  Hemisphere  by  Ka  1  kstol  n’ auKk’<?sted  that  a 
almllnr  Increase  may  have  o(  cu  .'red  there  In  the  autumn  (May,  June)  or  winter  (,'uly, 
AuKost)  of  1959  and  that  by  the  autumn  (June)of  1960  the  rhodlum-lU2  concentrations 
In  the  Southern  Hemisphere  equalled  those  In  the  Northern  Hemisphere. 

A  number  of  HASP  samples  collected  during  the  winter  of  1959-1960  In  the 
Northern  Hemisphere  have  been  analyzed  for  rhodlum-102.  The  mean  concentrations 
indicated  by  these  aamplea,  arranged  according  to  the  5000  foot  altitude  layer  and 
accordln,,  to  the  region  (south  of  Ramey,  south  of  l^aughlln,  between  luiughlln  and 
Minot,  or  north  of  Minot)  In  which  they  were  collected,  arc  given  In  Figure  3Hu.  It 
Is  evident  that  the  highest  concentrations  occur  at  the  highest  latitudes  and  highest 
altl'udes.  This  latitudinal  distribution  of  actlvltle.s  is  confirmed  by  the  AFCRl- 
data. 

It  appears  that  the  rhodlun;-102  la  being  brought  down  from  i  t  .s  original  iniec- 
tlon  site  by  strong  vertical  mixing  in  the  polar  stratosphere  during  the  "winter’ 
season  (late  autumn  to  early  spring).  The  vertical  concentration  gradient  suggests 
that  vertical  mixing  rather  than  subsidence  of  air  .  .s  tlie  main  factor  In  the 

*  1  ,1 ,  •  ••  I  n  I  M  ■  I  ' .  ,1  (  il  (  ' '  ;  <  •  r  A  '  •  .1 1  .  Ill '  I  •  ,  ..i  ,  !  ;  .  i  ■  > i  1  bi  c  |  i  r-,  n  (  \ ;  r ;  ! ' " ,  ] ) 
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appoarancv  of  rho<)lum-l02  below  70,000  feet.  The  rhodlaii-102  In  the  tropical 
Btralosphere  probably  reached  there  throuf^h  downward  mlxln>^  Into  the  polar  atrato- 
Bphere  an!  then  lateral  mixing;  into  the  tropical  a  t  rat  oa  irfie  re .  Ttie  total  amount 
of  rhodlum-102  In  thi’  a  t  ra  toa  pliere  of  the  Northern  Hemlaphere  durlnK  the  winter  of 
1‘J59-11>‘30  waa  about  0.25  mcKacurle  (corr«*cted  for  decay  to  Au^^uat  1958).  Thua, 
(lurlnK  the  aec-ond  year  after  Ita  lnj«M  tlon  at  hi^h  altitude  about  9  jafrcent  of  the 
rhodlum-102  activity  wna  carried  down  into  the  lower  northern  at  ratoaphere.  If  the* 
aaaumptlon  la  made  that  an  equal  ajnount  ol  rhodluir-102  realdcd  In  the  lower  Southern 
Honlaphere  by  Hay  I960,  then  0.52  menacurie  of  rhodlum-102  or  iit%  of  the  activity 
from  Oranqe  (and  probably  from  Teak)  waa  below  70.000  feet.  Figure  38b  ahowa  the 

/  O  U  \ 

rhodlum-102  meaaurementa  made  during  May  1960.  Llat'*"  '  haa  calculated  that  thla 
distribution  represents  a  total  a t ra t oaphe ri c  Inventory  between  10,000  and  70,000 
feet  of  0.37  mcnncurlea.  This  coenpurea  favorably  with  the  estimate  made  above  when 
consideration  is  made  ol  possible  amounts  that  have  fallen  below  10,000  feet  since 
September  19.59  (when  rhodlum-102  was  delected  in  ground  level  air  near  Chlcai’o  by 
Gustafs<jn^  *^^).  In  addition,  It  Is  seen  In  FlRure  38b  that  the  rhodlum-102  is 
distributed  symmetrically  about  the  equator  In  the  raiiKe  that  the  tampllnn  haa  been 
conducted.  There  is  a  possibility  that  this  "snapshot"  of  the  stratosphere  Is  not 
rc'pre.sent  at  1  VC  ol  the  whole  year  and  that  seasonal  effects  will  produce  differences 
ncjt  apparent  here. 

An  Initial  e.stimate  ol  the  residence  half-time  of  material  plaicd  In  the 
mesosphere  1  .s  al  forded  by  the  rhodlum-102  data.  If  the  assumption  Is  made  that  a 
few  months  (lor  instance,  3  months)  are  required  for  the  debris  to  be  mixed  to  anv 
extent  throuyth  the  mesosphere  then  It  Is  seen  from  the  above  Infcjrmatlon  that  abcjut 
one-sixth  of  the  rhodlum-102  from  Oi  anjte  departed  from  the  mesophere  within  18  month 
after  ralxlnr,.  This  represents  a  residence  half-time  of  68  months  or  about  5^  years 


Al  T  I  T  ijOl 


I'O" 


*f  f  T  1 


cw 

O 


> 

D 

O 

o 

z 

K 


8 

0» 


< 

« 


2 

(T 

Ik 

» 

U 

W 

o 


98 


(■ean  realdence  tine  uf  H  yeara). 


The  rhodluin-102  data  also  affords  an  opportunity  to  evaluate  In  a  nore  quantl- 

tatlva  manner  the  source  of  strontlum-90  and  cwrlum-ltl  concentrations  found  In  the 

polar  stratosphere.  If  the  assumption  la  made  that  Teak  and  OranKe  debris  contains 

the  major  fraction  of  the  U.l  megacurles  of  strontlua-90  orlKlnally  placed  In  the 
f  28 1 

mesosphere'  then  for  every  300  dpn  of  rhcKllum-102  on  12  AuRust  1958  there  would 

be  on  1  June  1960,  38  dpm  of  atrontlum-90  and,  assumlnit  the  Initial  prcxluctlon  of 
cerlujD-1  M  shown  In  Table  VIII,  there  would  be  on  1  June  1960,  318  dpm  of  cerlum-lM. 
When  the  Teak  and  Orange  debris  Is  subtracted  from  the  values  shown  In  the  May  1960 
"snapshot"  (Table  VI  and  Fixture  37)  by  usln^f  decrements  proportional  to  the  rhodlum- 
102  values,  the  re-llt/Sr-90  ratios  that  remain  average  about  4.7  In  the  Southern 
Hemispheric  and  northern  equatorial  stratosphere  and  average  about  5.7  In  the  northern 
polar  stratosphere.  The  decrements  amount  to  about  25%  of  the  strontlum-90  at  70° 
North,  10%  HU  lO"  .North  and  40"  South,  ai\d  about  2%  at  the  equator.  Piobo  fl^fure9 
are  comparable  to  the  20%  to  10%  figures  previously  suggested  for  the  amount  of 
strot.  I-  ^  the  northern  stratosphere  frcm  Teak  and  Orange  deduced  from  strontlum- 
90  at;-:  i;».«-lll  data.  The  (je-1  1  l/Sr-90  ratios  of  the  remainder  Imply  that  the  debris  In 
the  northern  polar  stratosphere  exclusive  of  Teak  and  Orange  Is  about  80  days  younger 
than  that  found  elsewhere  in  the  stratosphere.  This  result  suggests  that  some  of  the 
debris  1  the  northern  polar  stratosphere  came  frcin  Soviet  tests,  although  It  is  not 
altogether  conclusive.  For  Instance,  If  another  decrement  similar  to  that  assigned 
Teak  and  Orange  Is  applied  to  the  previous  remainder  to  "remove"  the  Soviet  debris, 
the  etrontlum-90  concentrations  In  the  Northern  Hemisphere  fall  to  values  about  30% 
lower  than  those  In  the  Southern  Hemisphere.  This  Is  an  unlikely  situation  although 
It  could  actually  prevail  if  the  Southern  Hemisphere  were  receiving  a  large  austral 
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wintsr  Influx  of  older  material  from  the  hlRh  equatorial  region.  On  the  other  hand, 


even  before  the  late  19SH  Soviet  aeries,  HASP  moaaururoenta  have  shown  that  debris 
In  the  Southern  Hemisphere  has  always  tended  to  be  i)ldor  than  In  the  Northern 
Hemisphere . 

While  the  rhodlum-102  data  can  yleia  valuable  Information  on  the  rates  and 
location  of  entry  Into  the  lower  atmosphere  of  debris  from  OraiiKe,  there  are  several 
uncertainties  In  the  data.  First,  the  actual  amount  of  production  Is  not  known 
with  certainty.  Fortunately,  rhodlum-102  la  not  a  fission  product  since  It  Is 
shielded  In  the  decay  of  mass  chain  102  by  stable  ruthenium- 102  (rhodlum-102  Is 
produced  by  the  n,  2n  reaction  In  natural  rhodl  un- lOil ) ,  Second,  the  decay  scheme 
of  rhodium- 102  la  not  well  known.  Rhodium- 102  decays  by  K  and  L  capture  as  well  as 
by  neKStlvo  beta  emission.  An  additional  ccsspl  1  cat  1 nK  factor  Is  the  presence  of 
rhodlum-101  and  a  lon^  lived  Iscxner  of  rhodlum-102  which  has  an  Ill-defined  half 
life  of  several  years  and  makes  .  cectlon  fo,  decay  to  the  anniversary  date  un¬ 
certain,  The  empirical  decay  curve  obtained  by  Kalksteln  at  AFCRJ.  has  been  used  to 
coriect  rhodium  counting  data  on  HASP  samplea  for  their  rhodlum-io2  concentrations 
and  these  have  been  extrapolated  back  to  12  Auc-iat  195H  uslnt;  a  210  day  half  life. 
Finally,  concentrations  of  rhodlum-102  hsve  been  somewhat  low  and  lonR  exposures  of 
the  filter  paper  are  required  to  obtain  Rood  countlnK  atat'.stlca.  Often  several 
papers  collected  over  a  relatively  larRe  ran^e  of  latltudea  are  p<xjled  to  Increase 
the  amounts  of  rhodluiii-102  available  for  measurement. 

Distribution  of  Plutonium 

Plutonium  has  been  measured  In  a  number  of  HASP  aamplea  collected  up  to  mld-1959 
The  plutonium  samplea  were  measured  In  separate  aliquots  of  the  ovlRlnal  sample 
solution  of  the  filter  paper.  After  selective  purification,  the  plutonium  la  electro 
deposited  carrier-free  on  stainless  steel  disks  (See  Fli;ure  39),  Radiometric  asaay 
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FIGURE  39  ELECTRODEPOSITION  APPARATUS 


la  performed  by  scintillation  countlni;  of  the  alplia  onlaslone.  Since  the  alpha 
sj>ectruia  la  not  measured,  no  discrimination  between  plutonlun-239  and  plutonlua- 
2  lU  la  made . 

Fltsurc  SO  shows  the  distribution  of  the  Pu/Sr-90  ratios  In  22H  HABP  samples 
collected  over  a  period  of  IH  months.  The  moan  value  la  O.OIH  dpm  Pu  per  dpn  Sr-90. 
Variations  f r(jni  thla  mean  are  larger  and  more  abundant  than  was  true  for  the  Cs-137/ 
Sr-90  ratlo.s  reported  In  DASA-f)32.  Real  variations  In  the  Pu^Sr-90  ratios  are  not 
unexpected  since  this  ratio  for  debris  depends  upon  the  capture'! Isslon  ratio  In  the 
weapon  which  produced  It.  Even  so  the  extreme  values  shown  In  the  Fltfure  are 
probably  the  result  of  analytical  error. 

In  Table  XI  the  Pu./Sr-90  ratio  Is  tabulated  according  to  the  orlRln  or 
sampling  date  of  the  debris.  Certain  tests,  especially  the  fall  1958  UK  test, 
produced  debris  with  a  low  Pu/Si — 90  ratio.  Debris  In  the  Southern  Hemisphere  had 
a  hl^;hor  Pu/Sr-90  ratio  than  debris  In  the  Northern  Hemlspihere  during  late  1958  and 
early  1959.  Thla  probably  resulted  tron  a  greater  representation  In  the  Southern 
Hemisphere  of  background  debrlr  from  high  yield  weapons,  especially  from  the 
CASTLE  tests  which  would  have  a  high  capture  fission  ratio.  This  substantiates  the 
conclusion  reached  above  In  the  discussion  of  the  st ront 1 uni-90  distribution  that 
debris  sampled  In  the  southern  polar  stratosphere  especially  was  originally  Injected 
Into  the  high  tropical  stratosphere. 
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tabij:  XI 


Vartations  in  the  Plutonlura/Strontluni-90 
_ Ratio  of  Stratoapherlc  Debris _ 


No.  of  Ramplea 


100  Pu/8r^ 


Northern  Polar  Stratosphere 

Baclcgrxjund  debris,  November  1957 

4 

1.6 

t  0.3 

Debris  frco  fall  1957  Soviet  tests 

3 

2.1 

f  0.3 

Background  debris,  March- April  1950 

12 

1.8 

t  0.3 

Debris  from  spring  195®  Soviet  teste 

3 

1.4 

±  0.5 

Background  debris,  May  1950 

9 

2.1 

t  0.4 

Background  debris,  September-October  195® 

12 

1.9 

1  0.9 

Debris  from  fall  Soviet  testa 

6 

1.2 

±  0.5 

Background  debris,  Jsnuory-February  1959 

2 

1.5 

±  0.1 

Borkgroond  debris,  March-Aprll  1959 

26 

1.6 

f:  0.4 

EacV^round  debris.  May  1959 

3 

1.9 

±  0.1 

Tropical  Stjratosphere 

Backgro-ond  debris,  November  1957 

2 

1.2 

i  0.1 

Debris  from  fell  1957  British  tests: 

1.  Ijitercepted  during  November  1957 

4 

1.4 

±  0.3 

2.  Intercepted  during  February  1950 

4 

1.2 

i  0.2 

BacKground  debris,  March  1950 

4 

1.7 

±0.2 

Debris  fiom  spring  1950  Soviet  tests 

3 

1.6 

±  0.4 

Background  debris,  May-June  1950 

8 

2.3 

±  0.2 

Debris  from  HARDTACK: 

1.  Intercepted  during  June  195® 

1 

3.0 

2.  Intercepted  during  September  19^0 

4 

1.6 

±0.9 

Debris  from  fall  195®  British  tests 

10 

0.7 

±0.2 

Background  debris,  30°  North  to  15°  South  latitude: 

November -Dec ember  195® 

9 

1.3 

±0.3 

January-Februory  1959 

12 

1.5 

±0.5 

March-Aprll  1959 

8 

1.6 

±0.6 

May  1959 

2 

1.6 

Background  debris,  15°  South  to  30°  South  latitude: 

November-December  195® 

4 

1.9 

±0.5 

Jnnuary-February  1959 

2 

3.7 

♦  2.4 

March-Aprll  1959 

4 

2.8 

±1.3 

May  1959 

1 

2.2 

Southern  Polar  Stratosphere 

Background  debris,  September-October  195® 

4 

2.3 

♦  1.0 

Bnckgrrjund  debris,  November-December  195® 

6 

2.6 

X0.7 

Background  debris,  Jnnuary-February  1959 

9 

1.8 

±0.3 

Background  debris,  March-Aprll  1959 

6 

2.8 

±0.8 

Background  debris,  May  195? 

2 

3.7 

40.5 

CHAKTEH  VI  I 


NATL’KAl,  KADIOACTIVITY  IN  TME  ATWOSPHERE 

I  n  t  rcKluc  1 1  on 

With  the  drop  In  rate  of  weapons  tostlntt  since  1958,  naturally  radioactive 
materials  either  produced  In  the  stratosphere  by  the  action  of  cosmic  rays  or 
exhaled  from  the  surlaco  of  the  earth  may  become  Increasingly  Important  as  trace 
materials  for  the  Htudy  of  the  behavior  of  the  atmosphere.  In  addition,  the  source 
of  the  natural  radioactivity  la  more  evenly  distributed  around  the  world  than 
fission  products  and  the  materials  have  hsd  sufficient  time  to  establish  equilibrium 
distributions.  If  such  exist.  Measurements  of  the  Kradlcnts  of  these  distributions 
can  cast  considerable  ll^ht  on  the  rate  and  direction  of  various  possible  mixing 
processes.  Unfortunately,  the  natural  background  of  several  Isotopes  such  as 
carbon-11  and  tritium  has  been  overwhelmed  by  the  production  of  these  materials 
In  weapons  detonations.  An  attempt  will  be  made  in  this  chapter  to  outline  the 
Information  that  haa  been  gained  In  studying  the  distribution  of  carbon-11,  tritium, 
beryllium-7,  phosphorus -32 ,  and  radon  daughter  prcxlucts  such  as  lead-210. 

Carbon- 1  1 

Carbon-11  is  produced  In  the  stratosphere  by  the  Interact.ion  of  cosmic  ray 
neutrons  with  nitrogen  In  the  air.  While  the  reactions  probably  take  place  mainly 
between  50,000  and  100,000  feet,  the  5760  year  half  life  of  carbon-11  Is  so  long 
compared  to  mixing  rates  In  the  atmosphere  that  a  natural  gradient  of  thin  material 
Is  not  expected.  Since  the  stratosphere  contains  about  311  pin  of  carbon  dioxide 
and  the  normal  stratospheric  carbon-11  content  Is  about  9  x  10^^  carbon-1  I  atoms^  , 

the  natural  concentration  should  be  about  71  x  10^  atoms  of  C-11  per  gram  of  air 
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or  13  dpm  [)er  gram  of  carbon. 


.>1ion  nuutronH  t*8ca[x?  from  a  weapon  Into  the  air.  rarlKjn-M  Is  formed  In  a 

/  AC  N 

manner  similar  to  ttio  r^atural  processes.  Lll)t)y  ’  has  estimated  that  the  atrato- 
spherlc  hnrdon  of  lurbon-ll  had  doubled  as  a  result  of  woapotis  testlnit  up  to 

(45) 

1  January  195H.  Tills  wa.s  borne  out  bv  balloon  measurements  reported  by  Hanjemann 

who  also  estimated  the  total  bomb  prcxluc  tlon  of  rarl«)n-l'l  by  the  end  of  1958  to  t>e 
21 

L’5  X  10  atoms. 

Tile  8 1  ratosphe  r  1  f  distribution  of  carbon- M  reported  bv  Makjemann  was  compared 
with  the  HA.iP  and  Ashcan  results  In  the  previous  report  ( IbVi  A- 53  2 ) .  Briefly,  It 
was  noted  In  that  report  that  the  excess  (8rlK>n-14  profiles  shc^wed  a  maximum  at 
80,000  to  90,000  feet  at  most  of  the  sompllntt  sites  as  Is  sum^ested  bv  the 
strontlum-9n  data.  Tlie  size  of  the  peak  at  this  altitude  was  irreater  In  the 
c'arbc;n-l'l  profiles  than  In  the  strontlum-90  profiles.  Tils  may  be  duo  to  a  possible 
cliccrease  In  sorapllnu;  efficiency  for  st  ront  1uib-90  in  the  Ashcan  at  hli’her  altitudes 
which  Is  not  lielnt;  taken  Into  account.  If  the  HA-SP  data  are  extrapolated  upward 
u8ln^J  the  carbon- 1‘1  profile  rather  than  the  Ashcan  profile,  the  IIA-^P  stratospheric 
Inventories  would  l)e  Inc  roasod  by  jwrhaps  25".  Tie  stratospheric  mean  residence 
time  for  dehrls  injec  ted  into  the  hli’h  equatorial  rodlor  based  cm  itie  carbon- U 
data  Is  about  1  vears.  Tils  Is  not  vastly  different  from  the  value  based  on 
measurements  of  particulate  clobrls.  The  carbon- Tl  data  Indicate  that,  prior  tci  the 
Octot>or  1958  Injections,  the  .Soviet  Injections  were  all  stabilized  at  low  altitudes 
In  the  polar  stratosphere  and  thov  made  no  loni;  rani.:e  contribution  to  the  stratospheric- 
burden  c)f  nuclear  debris.  Final  Iv,  It  was  noted  that  the  carl)on-ll  exhibited  a  poleward 
transfer  of  debris  from  the  ecjuatorlal  rcntlon  preferentially  clurlnt;  the  winter  seascin 
in  each  hemisphere. 
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b  1  nee  J arm u  r  v  1  '••»()  u  luimfjt'  r  of  s  am [>  1  <•«  of  <  a  r l<on -  1  1  1  t-  (  ( ).,  t  .i  m  ii  !  r  ■  »  s  i  r  I  a i  <• 

ulr  tiuvc  l>ot‘n  mt- as  u  rtol  aH  [lart  of  tiu'  llAbl’  iroi^rar.  Tfi'  *’0^  is  [a:l!li  !  it  a  a  i  .r: 

svstLT  (Kli^urc  11).  Oxykl''!!  and  nltr<>t:«‘n  a  rr  iiTnov«‘d  to,  ;/ir;<in,’  fro-  ’  fu  t  /<t. 

CO'^ .  After  ri-a(tlon  *ltli  Ca  0,  radon  Is  rf"o-.«Ml  t)v  Inrtfiur  ;>  r- ,  l  i.  .  Tfie  (  .i  Ct) 

Is  dec  onijxjsfd  t)v  healltii’  and  the  Cds  '  ari.il\/,ed  t)%  proj^  <  r  t  l  ona  i  'o.ntln,'  .it  1*0 
a  t  r.os  pile  res  in  a  we  11  sh  1  *■  1  ded  anticoincidence  c  o  in  t  1  nc  a  ppa  r  a  t  .  s  (  )■  1 1;  i  rt  1 L  )  . 

The  resultb  of  the  meabur»-"ient  .s  are  sfiown  in  Tatile  t  I  and  lie  (letween  »he 

15%  and  30%  valiiis  predicted  ti\  Ll  hliy  and  Haifemann.  .Surface’  air  durlin;  early  1  itiO 
wa.s  enriched  In  carbon-l  I  hv  about  30%  over  the  c  oncc-nt  ra  t  l  on  wti  i  c  ti  would  have 
existed  had  there’  been  no  production  of  tfiat  rad :  on  ic  1  i  di-  bv  nucle.ir  we.nxms  test- 
1  nr, .  Th  1  .s  is  In  agreement  with  data  obtain*‘d  by  Munnich  at  Meldellierr  wtiere  tfie 
excess  carbon-l  1  reached  *30%  durinr  'nld-l'*5‘t  d«’c  1  i  ni  n.:  to  about  .  2n%  by  t  tie  luid 
of  l'J5‘i.  It  also  f.rrees  with  data  obtained  bv  Hroecker  fcir  three  sites  In  the 
Northern  Hemlspfieie  durinr  late  195'.)  and  early  19G0.  C'cjnccnt  rut  1  ons  in  the  Southern 
Hemisphere  may  still  be  a  few  jKtr  cent  Icjwer  than  those  in  the  Nortl.ern  Heii.i  sphe-re 
accordlnr  to  data  obtained  by  tioth  V.unnlcdi  and  Broecker.  There  is  only  a  slirht 
burresllon  of  a  sprinr  peak  durlnit  March  and  Afirl  1  I'diO.  The  sprint:  peak  in 
tritium  described  below  was  much  more  pronoutu  >‘cl .  A  possible  jieak  in  carbon-11 
may  have  been  (larllally  obscured  by  a  wintertime  increase  n  the  use  of  lossll 
fuels  depleted  in  natural  curbon-ll  (Suess  effect).  A  drop  in  c  ejneent  rat  i  on  i  .s 
notc'd  start  inr  in  September.  This  sutttffsts  that  the  rate  of  rc-mova  1  Iron,  the 
stratosphere  Is  dlminlshinc;  durlni:  tlie  fall  wtiich.  tias  been  the  case  for  t>artlculate 
debris  anil  tritium.  By  earlv  1961,  the  conceuit  rat  1  ons  fell  tcj  around  10%  but  then 
returned  to  the  20%  Ic’vel  by  February  This  drop  may  be  due  to  a  combination  of 
winter  Suess  e  1  1  ec  t  and  inixlru;  into  the  ocean.  It  is  apparent  that  the  ccjncenlra- 
t  1  or,  in  the  troposphere  has  been  diminishing'  sunewhat  la-.ter  than  h.id  bec’ti 
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FIGURE  42  AMTI-COINCIOnCl  COURTING  APPARATUS 
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Tabl«  ZZl 


Radiocarbon  Concentrations  in  Tropospheric  Air  at  Washington 

Township,  New  Jersey 

Collection  Period 

4C“* 

19  Jan  -  25  Jan  1960 

4-20.85%' 

2  Feb  -  9  Peb  1960 

4-20.00% 

23  Peb  -  1  March  1960 

4-18.45% 

1  March  -  8  March  1960 

4-22.43% 

29  March  -  5  April  1960 

4^22.40% 

5  April  -  12  April  1960 

4-16.00% 

26  April  -  3  May  1960 

4-18.24% 

24  May  -  31  May  1960 

4-20.82% 

28  May  1960  (oak  leaves) 

4-17.78% 

21  June  -  26  June  1960 

4-19.73% 

26  July  -  2  Aug  1960 

4-20.76% 

23  Aug  -  6  Sept  1960 

4-18.10% 

6  Sept  -  20  Sept  1960 

4-19.57% 

27  Sept  -  4  Oct  1960 

4-17.19% 

4  Oct  -  11  Oct  1960 

4-17.19% 

..  Nov  -  17  Nov  1960 

4-14.09% 

1  Dec  -  11  Dec  1960 

4-12.02% 

31  Dec  1960  -  18  Jan  1961 

4-  9.04% 

18  Jan  -  25  Jan  1961 

4-15.42% 

18  Jan  -  25  Jan  1961  (Cloater, 

N.  J.) 

4-14.40% 

1  Peb  -  8  Feb  1961 

4-19.13% 

16  March  -  3  Apr  1961 

4-20.42% 

16  Apr  -  1  May  1961 

4-15.63% 

*  lxc«ss  of  standard  ■  0.95  x  MBS  oxalic  acid 

*a  Counting  arror  >  ^  1.5%  except  for  aamplea  collected  5-12  April  1960,  and 
18  Jan  -  25  Jan  1961  (Cloater,  N.  J.)  which,  because  of  small  size,  had  an 
error  of  4-  2.5% 
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prcvloualy  axpsctsd. 

Trltliai 

natural  trltiua  In  tha  ataoaphara  rasults  froa  tha  apallatlon  of  ataoapharle 
nuclldaa  by  anargatic  coaalc  ray  partlclaa.  Meant  aatalllta  naaauraaanta  Indl- 
cata  that  trltiua  aay  alao  ba  a  coaponant  of  aolar  flaraa.  Tha  half  Ufa  of 
tritium  ia  ralativaly  abort  ('^12.4  yaara) ;  conaaquantly,  thara  nay  ba  a 
noticaabla  gradlant  of  natural  trltiua  in  tha  atratoaphara.  Trltiua  la  alao 
Introducad  into  tha  ataoaphara  by  tha  axploaion  of  tharaonuclaar  waapona.  Soaa 
tritiuB  nay  ba  praaant  initially  in  tha  vaapon  and  aoaa  trltiua  aay  ba  producad 
during  tha  couraa  of  tha  tharaonuclaar  raactiona. 

Only  a  lialtad  ntabar  of  trltiua  aaaauraaanta  hava  baan  aada  in  tha  strato- 
aphara.  llioaa  raportad  by  Hagaaann^^^)  indicatad  that  trltiua  had  a  poaitlva  linaar 
correlation  with  axcasa  carbon-14  atoaa  auch  that  tha  T/C-14  atoa  ratio  waa  0.4. 

Th9  daduction  waa  aada  that  on  1  January  19S8  tha  atratoapharlc  invantory  waa 
2.4  X  10^^  boab  producad  trltiua  atoaa  and  0.6  x  10^  natural  tritium  atcaa.  Thla 
latter  figure  aaounta  to  7  x  10^  trltiua  atoaa  par  graa  of  air  and  laada  to  a  natural 
production  rate  of  1  trltiua  atoa  per  aquara  cantlaatar  par  aacond.  Aaaualng  a 
water  vapor  concentration  throughout  the  atratoapbera  with  a  froat  point  of  about 
-75°  C,  tha  natural  atratoapharlc  concentration  of  trltiua  in  water  would  ba 
about  10^  T.U.  (tritium  units)  or  10^  tritium  atoaa  par  10^^  hydrogen  atoM.  This 
number  can  be  compared  with  preboab  continental  rains  which  contained  about  9  T.U. 
and  the  oceanic  tritium  content  which  is  about  1  T.U. 

Since  1  January  1958  there  have  been  several  sources  of  injection  of  trltiua 
into  the  atratoaphara.  Libby^^^’ has  auggestad  that  little  tritium  is  injected 
into  the  atratoaphara  froa  surface  bursts  in  the  tropica  (aapacially  froa  water 
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■urfac*  burata).  Thm  raaaon  for  thia  la  tho  fact  that  tba  aapaeially  cold  tropic 
tropopauaa  acta  aa  a  cold  trap  and  pravonta  the  antrj  of  aoat  of  tha  watar 
(Includlnc  TjO  or  RTO).  Indaad,  tha  trltiua  concantratlon  In  ralna  fallltia  aftar 
tha  1954  GABTU  taat  aarlaa  dlad  away  with  a  35  day  half  Ufa  augsaatlng  a 
tropoapharlc  aourca  for  thla  aatarlal.  Howavar,  aa  Libby  polnta  Taak  and 

Oranca  dabrla  waa  not  aubjactad  to  tha  tropopauaa  acavanflng  action  and  conaa- 
quantly  aay  hava  ralaad  tha  natural  laval  of  atratoapharlc  trltiua  aavaral  hundrad 
fold.  In  addition,  tha  Sovlat  ahota  of  Octobar  1958  having  baan  flrad  In  cold 
dry  polar  air  nay  hava  laft  aora  In  tha  atratoaphara  than  othar  tropoapharlc  ax- 
ploalona.  Llbby^^^  pradlctad  that  aprlng  and  auaaar  ralna  In  1959  could  ranch 
a  valua  of  1000  T.U. 

Maanuraatanta  of  trltiua  In  rainfall  hava  baan  aada  aa  part  of  tha  HASP  prograa 
alnca  April  1959.  Aftar  collactlon  In  racalvara  alallar  to  thoaa  shown  In  Plgura 
43,  tha  rain  aaaplaa  ara  dlatlllsd  and  than  anrlchad  alsctrolytlcally.  Analysis 
la  parfomad  In  tha  proportional  counting  apparatua  shown  In  Figure  42.  Tha 
rasults  ara  tabulatad  In  Table  XIII  and  are  plotted  In  Figure  44.  As  predicted 
by  Libby,  there  has  been  a  spring  rise  In  1959  with  concentrations  reaching  at 
least  1400  T.U.  A  alallar  rise  was  noted  In  Chicago  rain  In  the  spring  of  1956 
after  tha  1955  Sovlat  tast  but  not  In  the  spring  of  1955  after  the  1954  CASTIA  teat 
series.  During  the  suaaer  and  fall  of  1959  the  trltiua  concentration  diminished 
exponentially  with  a  half  life  of  about  40  days.  This  suggests  that  little  trltiua 
waa  entering  the  tropopauaa  during  thla  period.  Starting  In  December  1959  the 
concentration  of  trltiua  In  rain  started  to  rise  exponentially  with  a  doubling 
tlae  of  about  55  days  until  a  peak  was  reached  In  July  1960  and  than  the 
characteristic  40  day  depletion  rate  waa  again  established. 
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FIGURE  43  RAINFALL  COLLECTION  RECEIVERS 
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Tabl*  XIII 


Collection 

TrltluB  Concent rat Iona 

In  Precipitation  at  Westwood, 

New  Jersey 

Date 

Inches  of  Rain 

Tritium  Units 
(T/H  X  10l3) 

28 

Apr 

59 

0.95 

1435 

1 

May 

59 

0.34 

1370 

13 

Jun 

59 

1.00 

843 

14 

Jul 

59 

0.22 

650 

9 

Aug 

59 

2.10 

148 

2 

Sep 

59 

0.92 

38.5 

24 

Oct 

59 

1.41 

86.5 

25 

Nov 

59 

1.33 

46.5 

29 

Dec 

59 

1.10 

100 

14 

Jan 

60 

0.82 

42.0 

11 

Feb 

60* 

1  02 

62.9 

11 

Feb 

60* 

65.6 

26 

Feb 

60 

1.07 

102 

18 

Mar 

60 

0.28 

76.0 

31 

Mar 

60 

0.74 

123 

27 

Apr 

60 

0.40 

193 

12 

May 

60 

0.28 

213 

31 

May 

60 

0.30 

282 

18 

Jun 

60 

0.20 

249 

2 

Jul 

60 

0.48 

432 

15 

Jul 

60 

0.84 

431 

31 

Jul 

60 

2.80 

190 

11 

Aug 

60 

1.49 

249 

13 

Sep 

60 

5.01 

100 

17 

Oct 

60 

0.50 

75 

Analytical  error  la  about,  -f  10% 
*  Duplicate  analyala 


( 
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Coupled  with  Obher  evidence  thet  debris  Iron  Tesk  and  Orange  had  reached 
the  lower  stratosphere  by  the  winter  of  1959-1960,  It  Is  suggested  that  a  snail 
portion  of  this  spring  rise  Is  free  these  high  altitude  rocket  shots.  If  Libby's 
Injection  estlaate  Is  correct,  the  spring  of  1961  and  1962  nay  show  even  greater 
Increases  of  trltlun  In  rain  than  In  1959  and  1960.  An  Increasing  trend  In 
mid-stratospheric  trltiun  concentration  Is  borne  out  by  balloon  measurements 
between  80,000  and  100,000  feet  over  Ingland  aade  by  f.  Brown^'®^.  HIh  results 
indicate  a  gradual  rise  In  trltlun  concentration  from  about  4.5  x  10®  atons  per 
gran  of  air  at  mld-1958  to  about  7.2  x  10®  atoms  per  gram  of  air  at  nld-1960.  This 
is  consistent  with  the  picture  of  an  influx  from  Teak  and  Orange. 

An  Interesting  side  light  of  Brown's  work  Is  the  persistent  high  water  vapor 
concentrations  noted  at  90,000  feet.  He  measures  a  mixing  ratio  of  about  0.04 
grans  of  water  por  kilogram  of  air  <F.P.  ■  -76°C)  while  frost-point  measurements 
at  50,000  feet  over  England  have  given  mixing  ratios  of  about  0.002  g/Kg  (P.P,  ■  -830c) . 
This  distribution  can  be  produced  by  strong  vertical  nixing  In  the  polar  regions 
which  takes  water  vapor  originally  in  the  upper  troposphere  to  the  high  latitude 
mid-stratosphere  where  it  can  mix  equatorward.  The  low  readings  at  50,000  feet 
may  be  partially  accounted  for  by  the  “sponging"  action  of  the  hygroscopic  sulfate 
dust  layer  found  above  the  tropopause  (Chapter  III)  as  well  as  by  the  action  of  a 
"cold  trap"  such  as  that  found  at  the  tropical  tropopause.  Since  the  sulfate  concen- 
tratlon  Is  about  4  x  10  grans  por  kilogram  of  air  at  65,000  feet,  the  water/sulfate 
ratio  Is  about  1200  grams  per  gram  (M.R.  ■  0.005,  P.P.  =  -82°C) . *  A  completely 
■•tlsfactory  explanation  of  the  observed  stratospheric  water  vapor  concentrations 
has  not  as  yet  appeared.** 

•cf.  Mastenbrook,  H.  J.  and  J.  E.  Dinger,  Joum.  Geophys,  Res,  66,  1437  (1961) 

**but  see:  Goldsmith,  P.  and  F.  Brown  Nature  191,  1033  (1961) 
and  deTurvllle,  C.  M.  Nature  190,  191,  156,  1183  (1961) 
and  especially  Gutnlck,  M.  Journ  of  Geophys.  Res.  66,  2867  (1961) 
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On*  wsakMas  auat  b«  MntlOMd  coBcarnlnc  th*  EASP  aurfae*  air  and  vatar 
collactlona  and  that  la,  of  couraa,  that  thay  ara  point  aaaauraaanta  in  apaca. 

Whlla  It  nay  ba  arguad  that  a  particular  point  on  tha  aarth  aay  ba  rapraaantativa 
of  a  larga  araa,  eapaclally  long  aftar  larga  acala  taating  haa  caaaad,  axtraaa 
caution  auat  ba  axarclaad  in  making  thla  ganarality.  Conaldarabla  aataorologieal 
variability  can  axiat  from  point  to  point  In  auch  itama  aa  rainfall  and  pravioua 
hiatory  of  paaalng  air  maaaaa.  Iliaaa  factora  can  ba  takan  into  account  proparly 
only  whan  coapariaona  ara  mada  with  a  numbar  of  othar  atationa.  In  tha  caaa  of 
tritium  in  rainfall,  aavaral  additional  complicating  factora  may  axiat.  Machta^^^ 
haa  pointad  out  that  part  of  tha  Waatwood  riaa  may  ba  dua  to  incraaaad  amounta  of 
tritium  input  from  aurfaca  aourcaa  auch  aa  aacapa  gaaaa  from  tha  Savannah  Uvar 
plant  coupled  with  aaaaonal  flow  from  tha  aouth.  Anothar  aourca  of  tha  apring 
riaa  has  baan  pointad  out  by  R.  M.  Brown^^^^  and  that  ia  tha  incraaaad  avaporation 
of  surface  water  during  tha  apring  and  early  summer..  Brown  has  shown  tritium 
concentrations  in  rainfall  during  1959  and  1960  at  Ottawa  which  ara  similar  to 
those  at  Westwood.  Tha  levels  of  tritium  in  surface  water  have  not  shown  tha 
same  large  fluctuations,  however.  By  nid-1959  tha  aurfaca  water  had  a  tritium  level 
of  about  300  T.U.  which  gradually  dropped  to  250  T.  U.  by  lata  1960.  It  is  seen 
that  the  surface  concentration  was  higher  than  tha  rain  concentration  for  a  good 
deal  of  this  period  and  since  Brown  astimatas  that  as  auch  as  10%  of  tha  surface 
reservoir  may  evaporate  each  year;  this  source  can  aaka  a  substantial  contribution 
to  the  tritium  in  rain.  This  recycling  machanism  apparently  does  not  apply  to 
particulate  fission  products,  however.  (Sea  Chapter  X). 

Baryllium-7 

Berylliua-7  is  a  spall  product  of  high  energy  cosmic  rays  acting  upon  tha 
the  elements  of  tha  atmosphere.  It  apparently  haa  not  baan  produced  artificially 


In  any  noticeable  quantity  as  a  result  of  nuclear  exploslons^^^'^^^ .  Lai  has 
predicted  the  equilibrium  distribution  of  this  material  throughout  the  atmosphere 
as  a  function  of  latitude  and  altitude  assuming  a  perfectly  quiet  atmosphere  (See 
Figure  47).  Since  there  Is  a  marked  production  gradient  In  the  atmosphere  and  since 
the  half  life  of  berylllum-7  (S3  days)  Is  relatively  short,  departures  of  the 
measured  berylllum-7  concentrations  from  the  estimated  production  concentrations 
should  shed  some  light  on  the  mixing  processes  In  the  atmosphere. 

Measurements  of  Be-7  In  surface  air  and  rainwater  have  been  made  by  a 
number  of  Investlgatora^^^'^^) .  Gustafson^ has  made  an  extensive  set  of  measure¬ 
ments  of  berylllum-7  and  other  nuclides  In  surface  air  filters  collected  at  the 
Argonne  National  Laboratory  near  Chicago.  The  results  of  his  berylllum-7  and 
ceslum-137  measurements  are  shown  In  Figure  45.  The  most  evident  feature  of  these 
data  Is  the  pronounced  spring  rise  In  both  1959  and  1960  similar  to  that  obsenred 
In  the  Westwood  tritium  data  (Figure  44).  Gustafson  attributes  the  rise  In 
ceslua-137  to  the  disruption  of  the  tropopause  In  the  mld-latltude  regions  during 
the  spring  months  resulting  In  an  Influx  of  high  altitude  dobrls,  much  of  It  of 
polar  origin,  Into  the  lower  troposphere.  In  addition,  the  rising  tropopause  In 
the  spring  encompasses  more  stratospheric  debris.  During  the  summer  and  fall  the 
concentration  of  ceslua-137  diminishes  more  or  less  exponentially  showing  tropo¬ 
spheric  clearing  of  the  large  spring  incursion.  The  minima  In  ceslum-137  concen¬ 
trations  are  considered  to  be  a  measure  of  the  steady-state  stratospheric  drip  upon 
which  the  springtime  gush  Is  superimposed.  If  this  Is  the  case.  It  Is  noted  that 
the  apparent  stratospheric  residence  time  Is  increasing.  This  situation  Is  to  be 
expected  m  debris  originally  Injected  at  high  altitudes  in  the  stratosphere  begins 
to  predominate  over  that  Injected  only  a  short  distance  above  the  tropopause. 

•see  also  Gustafson,  P.  F. ,  M.  A.  Kerrigan,  and  S.  8.  Brar,  Nature  191,  484  (1961) 
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The  berylllum-7  exhibits  a  spring  rise  as  does  the  ce8luB-I37  but  It  Is  not 


as  pronounced.  The  reason  for  this  la  the  fact  that  beryl  11uid-7  Is  continually 
being  produced  In  the  troposphere  (as  well  as  In  the  stratosphere)  while  cesium- 137 
Is  not.  Using  the  simplifying  assumption  tliat  the  concentrations  noted  In  the  air 
at  Chicago  are  of  "tropospt ^ rlc  "  origin  and  represent  the  equilibrium  concentra¬ 
tion  minus  that  scavenged  by  precipitation,  Gustafson  "added  back"  the  portion 
removed  by  the  rainfall  and  determined  the  i.iean  effective  equilibrium  tropospheric- 
concentrations  In  the  summer  and  winter  seasons  respectively  to  bo  25  and  14 
berylllum-7  atoms  per  liter  (7.7  and  4.3  dpm/1000  srf).*  This  difference  Is 
explained  as  Indicating  the  Increased  size  of  the  summer  troposphere  which  Includes 
the  higher  producing  layer  between  30,000  and  45,000  feet.  It  should  be  pointed 
out  that  this  somewhat  simplified  picture  midces  no  attempt  to  describe  the 
vortical  or  latitudinal  distribution  wltnln  the  troposphere  but  rather  applies 
only  to  the  eventual  concentration  In  surface  air.  Limited  data  from  Canada^^^^ 
and  the  U. K. Indicate  concentrations  of  boryllium-7  In  surface  air  which  are 
not  Inconsistent  with  those  measured  by  Gustafson.  A  number  of  tropospheric  air 

samples  of  berylllum-7  wore  made  using  B-57  aircraft  between  15,000  and  50,000  feet 

(37) 

during  March  and  April  1960  .  When  these  data  are  fully  analysed  and  correlated 

with  other  meteorological  data  they  should  shod  considerable  light  on  the  springtime 
tropospheric  distribution  of  this  material. 

A  number  of  HASP  samples  collected  during  the  winter  and  spring  of  1959-1960 
have  been  analysed  for  boryllium-7.  Standard  chemical  separation  and  gamma  ray 
spectroscopy  techniques  were  used  to  determine  the  concentrations.  The  mean  distri¬ 
bution  Is  pictured  In  Figure  46,  L^l's  calculated  equilibrium  distribution  of 

•  For  Bo-7  In  air,  1  dpm/1000  scf  -  2.7  atoms/gm  =  3.2  atoms/liter  =  1.35  x  10”^“^ 
curloa/ra3  =  1.35  x  10"17  curies/ 1 1  ter. 
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■trato«ph«rlc  baryllluB-7  concant rat loos,  aaatalnx  a  stagnant  ataoaphers,  la 
shown  In  Flgurs  47  for  coaparlson.  Hie  msasursd  concentrations  have  roughly  the 
saas  distribution  as  the  squlllbrlua  concentrations,  but  the  activity  levels  are 
different.  In  the  polar  stratosphere  and  In  the  southern  tropical  stratosphere 
the  measured  concentrations  were  lower  than  predicted  and  In  the  northern  tropical 
stratosphere  they  were  slightly  higher  than  predicted.  These  discrepancies  nay  be 
attributable  In  part  to  Inaccuraclea  in  the  predicted  Concentrations  and  In  part 
to  analytical  errors  In  the  beryllium-?  measurements,  but  they  probably  stem  mainly 
from  the  mixing  of  air  masses  from  different  regions  of  the  stratosphere  and  from 
the  Interchange  of  stratospheric  and  tropospheric  air. 

We  have  shown  earlier  (Figure  33)  that  radioactive  clouds  from  Soviet  arctic 
weapon  testa  crossed  the  HASP  sampling  corridor  at  20^  -  25°  North  latitude  less 
than  a  month  after  their  Injection.  With  such  rapid  meridional  tr^afer  existing 
It  Is  natural  that  the  predicted  steep  meridional  concentration  gradients  should 
fall  to  develop,  and  that  concentrations  should  never  reach  the  theoretical  levels 
In  the  high  latitudes.  The  effectiveness  of  the  mixing  process  Is  borne  out  by 
the  fluctuations  In  concentration  from  mission  to  mission  and  from  month  to  month 
at  Individual  sampling  sites.  The  concentrations  found  In  the  tropical  stratosphere 
probably  have  more  nearly  approximated  the  theoretical  values  because  of  the  less 
effective  meridional  transfer  In  that  region  (clouds  from  weapon  teats  In  the 
tropics  tend  to  cross  the  sampling  corridor  at  about  the  latitude  of  injection). 
Certainly  air  from  this  region  does  mix  with  that  at  higher  latitudes,  especially 
during  the  winter  season,  but  there  seems  to  be  slightly  less  north-south  meandering 
here  of  the  air  currents  which  comprise  the  zonal  flow  than  there  la  In  the  polar 
regions. 


121 


rionn  46  mean  distribution  of  BERYUIUM-T  (dpm/IOOO  SCF),  OCT.  '59-JUN.  'ao 

(INCLUDING  HASP  AND  WEATHER  BUREAU  DATA) 


FIOURB  47  PREDICTED  DISTRIBUTION  OF  BERYLLIUM- 7  (dpm/IOOO  SCF)  ACCORDING  TO  LAL 
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The  vtrtlcal  concentration  gradient!  In  the  polar  atratoaphere  are  alao 


obaerved  to  be  leaa  ateep  than  predicted.  Thla  le  doubtleaa  the  reault  of  the 
relatively  rapid  ratea  of  vertical  mixing  and  of  atratospherlc  -  tropoapherlc 
exchange  which  exlat  In  the  polar  atratoaphere  during  the  winter.  It  la  theae 
procaaaea  which  produce  the  Increaae  In  ratea  of  radioactive  fallout  and  the 
Increaaed  concentrations  of  tropoapherlc  ozone  In  the  north  temperate  latitudes 
nach  spring,  Lal^^^^  has  suggested  a  method  by  which  large  scale,  closed, 
meridional  and  vertical  circulation  patterns  can  be  studied  by  the  distortion  of 
the  equilibrium  isopleths.  The  data  presented  here  fail  to  reveal  any  flow  patterns 
of  this  type.  If  any  such  exist,  they  must  have  a  period  which  is  long  compared 
to  the  half  life  of  beryllium-7,  Seasonal  fluctuations  in  mixing  ratea  and 
fluctuations  in  cosmic  ray  production  rates  as  well  as  other  Inhomogenieties  may 
tend  to  blot  out  the  departures  from  equilibrium.  Certainly  the  limited  data 
presented  here  cannot  be  expected  to  produce  anything  but  a  groas  picture  of  the 
true  average  distribution.  While  these  beryllium-?  measurements  are  not  sufficient 
to  permit  reliable  calculation  of  the  rates  of  mixing  and  exchange,  they  do  provide 
additional  evidence  for  the  importance  of  turbulent  exchange  rather  than  meridional 
circulation  of  the  stratosphere  for  the  transfer  of  stratospheric  rp'^loactl vlty. 

If  the  subsidence  of  air  from  high  altitudes  in  the  polar  regions  were  an  Important 
phenomenon,  as  most  theories  of  meridional  circulation  postulate,  air  with  high 
berylllum-7  activities  should  have  ijoer.  carried  down  Into  the  lower  polar  strato¬ 
sphere  during  the  winter  of  1959-1960,  and  the  observed  concentrations  there  (Fl,nJre  Ki) 
should  have. 1)0011  hl.;);or.  not  lower,  fian  tlio  predli  t«vl  lor.i  cut  rat  Ions  (Fi  Turo  17) 
Phosphorous -32 

Phosphorous -32  is  found  In  the  atmosphere  as  a  result  of  the  interaction  of 

(57) 

high  energy  cosmic  rays  on  argon,  Lai  '  has  summarized  the  production  ratea  to 
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b«  expected  In  the  etaosphere  for  both  berylllua-7  and  phoephoroue-32  (ae  veil  aa 
other  coamlc  ray  produced  nuclides).  While  the  absolute  rate  of  production  of  these 
two  isotopes  is  strongly  dependent  upon  altitude  and  latitude,  the  ratio  of  the 
production  rates  expressed  as  Be-7/p-32  atoms  per  unit  volume  per  unit  time  may  be 
fairly  constant  in  time  from  place  to  place.  Lai  has  calculated  this  ratio  to  be 
about  100  atoms/atom.  Since  the  half  life  of  phosphorous -32  (14.3  days)  is  smaller 
than  that  of  beryllium-7  by  a  factor  of  3.7,  then  the  still  air,  infinite  bombardment 
concentration  ratio  would  be  370.  Lai  has  suggested  that  stratospheric  air  should 
show  this  latter  ratio.  If  a  parcel  of  this  air  were  to  be  brought  into  the 
troposphere,  where  the  absolute  production  rates  are  considerably  lower,  then  the  ratio 
would  initially  Increase  with  a  doubling  life  of  19  days  due  to  the  faster  decay 
rate  of  phosphorous -32.  A  ratio  as  high  as  1000  might  be  reached  in  70  days  or  so 
before  it  gradually  returned  to  the  equilibrium  ratio  of  370  within 
one  year  due  to  production  In  the  troposphere  at  lower  absolute  levels.  Tropo¬ 
spheric  air  recently  washed  by  heavy  rains  might  be  expected  to  have  a  concentra¬ 
tion  ratio  near  the  production  ratio  of  100. 

Phosphorous -32  and  berylllum-7  have  been  reported  in  Indian  rains  from  1956 
through  1959^^^'^^^.  In  reporting  these  data  Lai  and  Rama  have  made  the  simplifying 
assumption  that  little  stratospheric  input  of  these  nuclides  occurs  and  that  they  are 
of  tropospheric  origin.  This  is  based  on  the  fact  that  stratospheric  residence 
times  are  long  compared  to  the  half-llvee  of  the  isotopes.  That  this  is  a  somewhat 
oversimplified  picture,  at  least  for  higher  latitudes,  is  evident  in  the  seasonally 
dependent  beryllium-7  data  reported  by  Gustafson.  On  the  other  hand  the  calculated 
annual  deposition  oslng  the  above  assumption  agrees  with  the  observed  annual 
deposition  for  berylllum-7  within  50%  and  for  phosphorous-32  within  a  factor  of  2. 
Considering  the  limited  data.  Its  variability,  and  the  Inherent  uncertainties  In  the 


121 


calculation,  the  agreement  la  quite  good. 


The  average  ratio  of  Be-7/^-32  In  Indian  ralna  has  shown  annual  differences 
(Table  XIV)  which  may  be  partially  explained  by  the  presence  of  some  boob 
produced  phosphorous-32,  especially  In  1958.  In  addition,  the  production  rate 
ratio  may  not  have  been  constant  from  year  t'^  year  althouf^h  this  seems  unlikely. 
Finally,  annual  differences  In  rainfall,  air  mass  history  and  other  meteorological 
variables  may  have  Introduced  the  differences  noted.  In  1959  when  essentially 
no  detectable  bomb  produced  phosphoroua-32  could  have  been  present,  the  ratios  In 
Bombay  rain  ranged  between  127  and  1150.  These  are  close  to  the  values  described 
above  respectively  for  recently  cleaned  tropospheric  air  and  ex-stratospherlc 
air  which  haa  been  aged  a  few  months  In  the  troposphere.  A  certain  amount  of 
caution  must  be  exercised  In  applying  the  results  of  saaipllng  rainfall  In  one 
place  such  as  Bombay  to  other  latitudes  or  meteorological  regimes.  In  addition, 
rainfall  measurements  may  suffer  from  fractionation  effects  which  will  Introduce 
anomalies  In  the  data. 


Table  XIV 

Bombay  Rains  (atoms/ml) 


Year 

Be-7 

P-32 

Ratio 

1956 

1200  ♦  600 

31  +  7 

135 

1957 

3400  ♦  600 

26  +  6 

131 

1958 

1300  +  800 

43+8 

100 

1959 

2900  ♦  500 

12+2 

242 

A  number  of  HASP  samples  have  been  subjected  to  analysis  for  phosphorous-32  as 
well  as  berylllum-7.  Results  of  these  measurements  are  shown  In  Table  XV.  While 
the  amount  of  data  available  Is  quite  limited  In  extent  It  appears  that  the  ratio 
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Tabl*  XV 


Stratoapharlc  Concant rat Iona 

of  Berylllua-7 

and  Phoephorua-32 

•aapla 

Collection  Approximate 

Date  Latitude 

Approximate 

Altitude 

(Kllofeet) 

atomaP^^  atoma 

g  of  air  atoma 

Be^ 

P" 

IK. 3 

10  May  60 

70®N 

64 

10.9 

224 

BN. 11 

17  May  60 

70ON 

63 

14.0 

226 

BN. 2 

10  May  60 

700n 

60 

9.12 

242 

BN.  10 

17  May  60 

70°N 

60 

10.9 

305 

BN.l 

10  May  60 

70<S« 

50 

7.06 

229 

A.  18 

20  Apr  60 

60®N 

65 

10.9 

185 

A. 2 

9  Apr  60 

60®N 

60 

10.9 

231 

A.  26 

27  Apr  60 

60°N 

00 

8.19 

237 

A. 7 

7  Apr  60 

60°N 

45 

5.60 

244 

A.  29 

3  May  60 

60*^ 

40 

6.20 

202 

A.  13 

14  Apr  60 

40®N 

70 

9.65 

227 

A. 22 

26  Apr  60 

40®N 

70 

9.21 

237 

'a.  12 

12  Apr  60 

40°N 

55 

3.78 

134 

A. 21 

21  Apr  60 

40^ 

55 

4.07 

256 

A.  30 

3  May  60 

40®N 

40 

5.33 

252 

A. 14 

14  Apr  60 

20°N 

70 

4.37 

319 

'a.  23 

26  Apr  60 

20®N 

70 

12.4 

161 

3064 

10  June  60 

20°N 

65 

6.78 

256 

'3962 

10  June  60 

20°N 

60 

6.16 

125 

A. 6 

7  Apr  60 

5°N 

/O 

2.64 

333 

A. 31 

5  May  60 

5®N 

70 

2.69 

290 

'3911 

23  May  60 

40°S 

66 

4.90 

546 

3930 

31  May  60 

40°S 

65 

9.73 

232 

3913 

23  May  60 

40°S 

60 

8.66 

194 

3934 

31  May  60 

40°S 

60 

4.97 

290 

*  Abnormally 
**  Abnormally 
•••  Abnormally 


low  Be-7 
high  P-32 
low  P-32 
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In  the  high  •quatorlal  region  renchea  80%  of  tha  aqullibrlua  value  predicted  by  Lai. 
o  o 

At  60  N  and  70  N  there  Is  a  slight  suggestion  of  a  negative  gradient  which  would 
be  expected  If  there  had  been  a  downward  aoveaent  at  these  latitudes  a  few  aonths 
before.  It  is  seen  that  the  average  stratospheric  ratio  of  252  >  25  coapares  well  with 
the  average  of  242  aeasured  In  Bombay  rain  in  1959. 

Lead-210 

Lead-210  (Radlun-D)  la  a  daughter  product  of  radon-222,  a  noble  gas  fonaed  by 
the  decay  of  radiua-226.  Since  radon-222  has  a  half  life  of  only  3.82  days,  little 
escapes  from  the  oceans;  consequently  It  Is  exhaled  Into  the  ataosphere  aalnly  froa 
exposed  land  masses.  The  lead-210  which  is  fonned  In  the  ataosphere  decays  according 
to  the  following  scheme: 

22y  5d  138d 

Pb-210  V  Bl-210  Po-210  .  Pb-206  (Stable)  (14) 

(Ra  D)  ^  (Ra  I)  ^  (Ra  P)  ^  (Ra  C) 

A  auaber  of  Investigators  have  reported  concentrations  of  radon  daughter  products 
In  the  atmosphere^ and  biosphere  xhe  results  of  these  and  other 

Investigations  show  that  lead-210  and  Its  daughter  products  form  a  substantial  frac¬ 
tion  of  the  alpha  activity  In  plants  and  land  animals.  The  source  appears  to  be 
"fallout"  of  this  particulate  matter  scavenged  from  the  air  by  rainfall  rather  than 
by  plant  uptake  from  the  soll^^^'^^^.  Another  possible  source  of  lead-210  Is 
neutron  bombardment  of  the  heavy  elements  bl8iButh-209  and  lead-208  with 
the  following  reactions: 


81-209 

(2n,p) 

Pb-210 

(15) 

Pb-208 

<2n.v) 

Pb-210 

(16) 

*A  low  value  of  85  for  the  Be-7/P'32  ratio  Is  found  In  one  of  the  godalkanal  rains 
of  1959,  so  It  may  be  that  the  production  ratio  of  100  predicted  by  Lai  Is  15% 
or  so  too  high. 
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Itoasur^Mnts  of  l«ad-210  Ick  air  flltara  collactad  at  altltudaa  up  to  48,000 
feat  and  In  rainfall  collected  at  the  aurface  have  been  eade  In  the  U.  K.  In 
reporting  these  results  Burton^^^^  has  shown  that  between  1934  and  1956  there  was 
a  positive  gradient  In  the  troposphere  (7xl0~3  dpm/Kg  of  air  at  sea  level  with  an 
Increase  of  ~10~^  dpsi/Kg/1000  ft)  which  Increased  In  the  stratosphere  ('^4xl0~^ 
dpe/Kg/lOOO  ft).  His  conclusion  was  that  lead-210  In  the  lower  troposphere  was 
continually  being  washed  out  In  rainfall  but  that  In  the  upper  troposphere  It  had 
a  greater  residence  time  and  could  consequently  reach  a  higher  equilibrium  concen¬ 
tration.  The  gradient  In  the  stratosphere  was  found  to  be  conparable  to  that  of 
fission  products  but  the  explanation  of  higher  stratospheric  concentrations  based 
on  "Brewer-Dobaon"  circulation  has  certain  difficulties.  Primarily  this  would 
require  the  tropospheric  concentration  levels  Just  below  the  tropical  tropopause 
to  be  higher  tian  those  Just  below  the  polar  tropopause.  To  produce  these  concen¬ 
trations  would  require  either  a  proportionately  larger  effective  land  mass  In  the 
equatorial  regions  or  proportionately  less  atmospheric  scavenging  In  equatorial 
rains  when  compared  to  higher  latitude  regions.  Neither  situation  seems  likely. 

Telegadas^^^^  has  reported  concentrations  of  lead-210  in  the  springtime  tropo- 
sitere  of  1960  over  North  America  from  30°  N  to  56°  N.  In  these  data  there  was  a 
very  slight  tendency  towards  higher  concentrations  at  40°  N  In  the  troposphere 
than  at  30°  N  or  45°  N.  There  was  a  more  noticeable  vertical  gradient,  however. 
Table  XVI  shows  these  average  concentrations  in  dpm/lOOO  scf  and  dpm/Kg  at  various 
altitudes.  The  figures  In  parentheses  are  the  number  of  samples  used  In  each  average 
value.  The  concentrations  for  1954-1956  in  the  U.  K.  as  reported  by  3urton  are 
shown  for  comparison. 
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Table  ZVl 


Altitude 


Lead~210  In  the  Ataoei 


1960  U.S. 
dpm/1000  scf* 


1960  U.S. 


1954-56  U 
dpot/KgxlO 


50 

0.29 

(7) 

8.5 

~  80 

45 

0.32 

(16) 

9.3 

50 

40 

0.38 

(W) 

11.0 

38 

35 

0.43 

(32) 

12.7 

34 

30 

0.51 

(16) 

14.8 

30 

35 

0.43 

(3) 

13.5 

26 

20 

0.56 

(2) 

16.2 

21 

15 

0.29 

(1) 

8.5 

18 

10 

— 

— 

14 

5 

— 

— 

10 

0 

— 

— 

7 

(♦For  Pb-210 

In  air  1 

dpa/1000  acf  ■ 

28.8xlO~^di«/Kg  - 

35. 4xl0"^dpii/e*) 

120 


It  Is  evident  from  the  table  that  there  has  been  a  marked  change  especially  In 


stratospheric  concentrations  In  the  four  years  that  have  elapsed.  Concentrations 

have  been  reduced  tenfold  In  the  stratosphere  and  about  twofold  In  the  troposphere. 

As  a  results  the  gradient  In  the  stratosphere  has  become  negative  and  the  maximum 

concentration  appears  to  be  at  about  30,000  feet.  It  Is  possible  that  some  of  the 

difference  noted  In  the  troposphere  Is  due  to  the  fact  that  the  U.  S.  measurements 

were  made  during  the  spring  while  the  U.  K.  measurements  were  made  predominately 

In  the  summer.  Tlie  Increased  scavenging  from  spring  rains  may  have  reduced  the  air 

concentrations.  In  addition,  the  U.  S.  measurements  were  "downwind"  of  the  Pacific 

Ocean  which  could  have  reduced  these  values  more  than  the  Atlantic  Ocean  reduces  the 

U.  K.  values.  Consequently  the  differences  In  the  tropospheric  values  may  not 

reflect  a  substantial  change  due  to  the  passage  of  time.  Burton  has  'alculated 

from  rain  water  concenti atlons  that  the  lead-210  fallout  rate  In  middle  latitudes 

2 

Is  approximately  10  dpm/m  /day.  This  compares  favorably  with  the  production  rate 

2  1  2 
of  13,6  dpm/m  /day  (a  mean  radon  exhalation  rate  of  2.8x10  dpm/m  day  assuming  10% 

of  the  Northern  Hemisphere  Is  land).  It  Is  noticed  that  the  activity  ratio  In 

-3  2 

surface  air  and  rain  water  Is  about  9x10  dpm/m  of  uir  per  5  dpm/llter  of  water  or 

3 

equivalent  activity  In  1  liter  of  water  and  550  m  of  air.  Similar  equivalent 

activity  ratios  have  been  noted  In  surface  air  and  rainfall  concentrations  of 

fission  products  In  Norway^^®^  during  1959-60  where  the  ratio  varied  from  about 
3 

500  m  /liter  In  the  summer  to  about  1200  m"^ 'liter  In  the  winter.  The  possibility 
does  exist  that  the  differences  between  the  U.S.  and  U.  K.  data  shown  In  Table  XVT 
are  more  apparent  than  real  since  no  accurate  Intercallbrntlon  of  the  two  sampling 
systems  has  been  undertaken. 


130 


A  number  of  lead-210  measurements  were  made  In  filter  papers  rollected  in  the 


stratosphere  during  May  1960  (Table  VI).  Figure  18  shows  the  distribution  of  lead-210 
In  the  stratosphere  from  these  data.  Tungsten-181  data  collected  it  the  same  time 
are  also  shown  for  comparison.  In  both  the  lead-210  and  tungsten-181  distributions 
there  Is  a  suggestion  of  a  positive  gradient  above  the  equatorial  tropopause  and 

t 

a  negative  gradient  above  the  Northern  tropopduse.  The  distributions  of  the  two 
Isotopes  In  the  Southern  stratosphere  are  also  similar.  Since  the  tungsten  distri¬ 
bution  Is  due  to  stratospheric  Injections  from  the  HARDTACK  weapons  test  series, 
similarities  noted  here  suggest  that  at  least  some  of  the  lead-210  was  also  Injected 
Into  the  tropical  stratosphere  by  nuclear  weapons  testing  (but  not  necessarily 
during  HARDTACK).  The  tenfold  drop  In  stratospheric  concentration  In  ij  years 
noted  above  Implies  a  mean  residence  time  of  about  2  years  assuming  all  the  lead-210 
is  from  weapons  testing  prior  to  1955.  If  half  of  the  stratospheric  concentration 
in  1960  is  due  to  natural  lead-210,  then  a  mean  residence  time  of  1,5  years  Is 
implied.  The  average  stratospheric  concentration  of  lead-210  shown  in  Figure  18 
Is  0.3  dpm/1000  scf  or  a  total  stratospheric  burden  of  3.6  kllocurle  (0.22  moles  or 
16  grams).  It  would  have  been  difficult  to  detect  artificially  produced  lead-210  in 
surface  measurements  since  It  would  be  masked  by  the  i  illout  of  natural  lead-210. 

This  latter  amounts  to  about  10  kilograms  per  annum  woriO-lde  while  bomb  produced 
lead-210  fallout  probably  could  not  have  exceeded  a  few  percent  of  that. 

It  should  be  pointed  out  that  the  data  discussed  above  are  rati.er  limited  and, 
as  a  consequence,  the  conclusions  to  be  drawn  from  them  are  somew’at  conjectural. 
Undoubtedly  a  considerable  bit  of  the  uncertainty  as  to  the  sources  of  the  strato¬ 
spheric  lead-210  can  be  eliminated  by  continued  sampling  and  by  measuring  the 
lead-210  content  of  some  old  HASP  samples.  Both  of  these  steps  are  being  taken. 
Preliminary  results  of  measurements  of  lcad-210  In  older  HASP  samples  (mld-1958) 
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show  a  uniform  concentration  of  about  0.3  dpm/1000  scf  (not  unlike  the  mld-1960 
values)  with  no  tendency  to  Increase  with  Increases  of  strontium-90.  If  any 
of  this  lead-210  has  originated  In  nuclear  weapons  tests,  It  obviously  predates 
the  HARDTACK  series.  Until  further  Information  can  be  gained  as  to  the  source 
of  the  lead-210  observed  in  the  stratosphere,  caution  should  be  exercised  In 
Interpreting  radon  daughter  product  measurements  as  applied  to  atmospheric 
movements. 
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CHAPTER  VIII 


FALLOUT  FROM  TEAK  AND  ORANGE 


Introduction 

One  of  the  objectlvea  of  the  HASP  program  has  been  the  determination  of  the 
fate  of  fiaaion  products  placed  in  the  highest  regions  of  the  atmosphere.  During 
tho  HARDTACK  series  of  nuclear  testa  two  weapons  of  megaton  iroportlons  were 
launched  by  rockets  at  Johnston  Island  in  the  Pacific  and  were  detonated  at  high 
altitude.  The  debris  from  these  shots  stabilized  in  the  highest  levels  of  the 
atmosphere  and  have  provided  a  unique  opportunity  to  study  the  mixing  mechanisms 
at  these  elevations.  While  no  direct  measurements  of  the  residual  concentrations 
from  these  bursts  have  been  reported  from  altitudes  above  100,000  feet,  a  number 
of  measurements  below  this  altitude  have  provided  some  direct  an^l  indirect  evidence 
of  the  fate  of  this  debris.  Some  of  this  evidence  has  been  discussed  before 
(Chapters  IV-VII).  An  attempt  will  be  made  below  to  review  this  evidence  and 
provide  some  conclusions  that  can  be  drawn  therefrom. 

Initial  Distribution 

Teak  was  fired  on  1  August  1958  at  an  elevation  of  approximately  250,000  feet. 
Photographs  made  at  Hawaii'  '  showed  that  the  alrglow  cloud  rose  with  an  initial 
velocity  of  approximately  1  km. sec  to  an  altitude  ol  around  300  km  (1,000,000  feet). 
Orange  was  fired  on  12  August  1958  at  an  altitude  about  half  that  of  Teak.  The  debris 
from  Orange  did  not  rise  as  hl,gh  as  that  r.f  Teak  nor  were  its  electromagnetic  or 
auroral  effects  as  pronounced.  In  any  event  it  is  probable  that  most  of  the  debris 
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from  both  shots  initially  rose  above  the  Besophare  into  the  ionosphere  (See  Fl^.  49). 

After  stabilization  of  the  cloud,  the  predoalnant  forces  acting  upon  the 
Indivlduel  particles  comprising  the  debris  would  be  those  of  gravity  and  quasl- 
vlscous  retardation  by  the  atmosphere.  A  number  of  calculations  have  been  made 

i  fi  ^  7  \ 

of  thj  fall  rates  of  small  particles  in  the  upper  atmosphere.  Using  the 

(67) 

terminal  velocities  calculated  by  Small  for  unit  density  particles  of  varying 

diameter  s  d  assuming  no  vertical  motion  of  the  air,  a  rough  calculation  of  the 
time  of  fall  from  300  kilometers  has  been  made.  The  results  are  shown  for  submicron 
particles  in  Figure  50.  It  can  be  seen  that  within  one  week  all  but  the  smallest 
particles  will  have  fallen  Into  the  mesnphere.  (Self  coagulation  processes  during 
the  first  few  days  may  result  in  substantial  amounts  of  debris  residing  on  particles 
in  the  0.001  micron  diameter  range).  It  can  also  be  seen  that,  except  for  the 
larger  particles  (0.1  micron  to  1.0  micron),  once  a  particle  reaches  the  mesosphere 
it  remains  there  for  periods  extending  up  to  years.  In  other  words  in  a  "quiet" 
atmosphere  tlie  particles  fall  quickly  into  the  mesosphere  and  are  then  virtually 
stopped  there.  Essentially  the  same  result  would  occur  even  if  the  particles  fell 
from  a  lesser  or  greater  initial  height  (100  km  or  1000  km  for  example). 

In  actuality  the  mesosphere  is  far  from  "quiet".  Vertical  mixing  is  probably 
promoted  by  the  temperature  lapse  rate  as  is  the  case  in  the  troposphere.  Sodium 
vapor  trails  released  in  the  mesospnere  and  lower  ionosphere  indicate  the  presence 
of  considerable  shear  with  vertical  and  horizontal  as  well  as  small  scale  eddy 

turbulence^  In  mid- latitudes  a  strong  zonal  monsoon  wind  occurs  in  the 

(60-  71)  * 

mesosphere^  These  seasonal  reversals  along  with  the  vertical  and  latitudinal 

shearing  action  should  promote  rapid  mixing  of  the  debris  from  both  Teak  and  Orange 

throughout  the  mesosphere.  From  a  consideration  of  energy  propagation  within  the 
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APRROXIP^TE  ALTrrUDE  (THOUSANDS  OF  FEET) 


Figure  49 


DEGREES  LATITUDE 
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stratosphere,  Charney^^^^  concludes  that  the  circulation  in  the  upper  stratosphere 
and  aesosphere  is,  to  a  lart;e  extent,  mechanically  independent  of  the  motion  in  the 
lower  atmosphere.  This  conclusion  would  indicate,  then,  that  the  debris  reaching 
the  mesosphere  would  probably  not  mix  downward  to  any  great  extent  and  would  remain 
trapped  in  the  mesosphere. 

/  OU  \ 

According  to  Glasstone'  '  approximately  0.4  megacuries  of  3trontlum-90  have 
been  injected  into  the  mesosphere  during  the  course  of  weapons  testing  up  to  1959. 

If  it  is  assumed  that  the  major  fraction  of  this  debris  came  from  Teak  and  Orange 
and  if  it  is  further  assumed  that  the  debris  became  uniformly  distributed  within  the 
aesosphere,  then  concentrations  on  the  order  of  7000  dpm/1000  scf  of  strontium-90 
would  be  expected  to  bo  found  within  the  mesosphere.  Rhodium- 102  concentrations 
from  the  3  megacurle  production  in  Orange  would  be  about  55,000  dpm/1000  scf 
corrected  to  shot  time.  This  would  mean  that  the  Rh-102/Sr-90  activity  ratio  of 
mixed  Teak  and  Orange  debris  corrected  to  Orange  shot  time  would  be  about  8  to  1. 


Downward  Mixing 

One  particularly  Interesting  feature  of  the  polar  stratosphere  is  that  during 

the  fall,  when  Insolation  is  diminishing,  a  pronounced  cyclonic  circumpolar  vortex 

or  Jet  is  es  ta  '  1  Ished.  ^  By  early  winter,  the  Jet,  which  has  cooled  by 

..  (7  1,72) 

radiation,  becomes  unstable  and  undergoes  a  series  of  breakdowns  ,  These 

are  accompanied  by  explosive  warmings  which  suggest  adiabatic  warming  of  subsiding 

air  probably  due  to  the  tilting  of  the  isontroplc  surfaces  with  respect  to  the 
(72) 

axis  of  rotation.  In  the  Northern  hemisphere  the  disintegration  of  the  vortex 

is  usually  complete  a  month  or  two  before  tne  vernal  equinox  whl  ’.e  that  In  the 


Southern  hemisphere  occurs  after  the  equinox.  In  any  event  it  la  evident  that 


considerable  Interchange  of  polar  air  between  the  mesophere  and  the  lower 
stratosphere  (rnd  even  the  upper  troposphere)  can  occur  during  these  breakdowns 
and  may  also  occur  when  the  vortex  Is  forming  In  the  late  fall. 

A  crude  calculation  of  the  stratospheric  concentration  of  9trontlum-90  and 
rhodluB)- 102  from  Teak  and  Orange  can  be  made  If  It  Is  assumed  first  that  debris  In 
the  mesosphere  becomes  uniformly  mixed  and  next  that  a  localized  fraction  of  the 
mixture  Is  qulckl>  mixed  downward  Into  the  stratosphere  In  a  vertical  column  centered 
on  the  pole.  Since  the  mass  of  the  stratosphere  Is  about  200  times  that  of  the 
mesosphere,  the  radioactivity  concentrations  described  above  would  be  diluted  by 
that  factor  and  one  might  expect  to  find  stratospheric  concentrations  of  about 
35  dpm/1000  scf  of  strontlum-90  and  about  275  corrected  dpm/1000  scf  of  rhodium- 102. 

It  Is  unlikely  that  the  mixing  In  the  column  would  be  uniform  down  to  the  tropopause, 
consequently,  higher  values  than  those  mentioned  above  might  be  found  at  higher 
altitudes.  The  total  amount  of  debris  removed  from  the  mesosphere  would  depend 
upon  how  much  of  the  mesosphere  Is  Involved  In  the  polar  vortex  motion.  As  a 
first  approximation  one  can  say  that  the  motion  probably  does  not  extend  more  than 
30^’  from  the  pole.  Since  only  13%  of  the  mesosphere  lies  within  30*^  of  the  pole  In 
each  hemisphere  this  may  be  a  reasonable  fraction  to  expect  to  be  removed  per  annum. 
This  would  amount  to  a  half  residence  time  of  about  5  years.  Rapid  mixing  equatorwarc 
and  downward  from  the  polar  regions  with  the  concomitant  Influx  of  "clean  "  air 
would  complete  the  annual  cycle  and  allow  an  equivalent  removal  f i om  the  me »osphere 
during  the  next  season. 

Radiochemical  Data 

A  detailed  discussion  of  the  radiochemical  noasureroents  of  debris  from  Teak 
and  Orange  has  been  presented  before  (Chapters  V-VI). 


i:»-» 


A  short  review  of  th. s 


()  1 SCU3S 1 1)1)  13  appropriate  here.  Fl.Curo  51  shows  the  Northern  stratospheric 

concentrations  of  four  nuclides  during  tlie  early  sprints  of  1960.  It  can  be  seen 

that  the  s  t  ron  1 1  urn- 90  distribution  differs  markedly  from  that  of  tun)<s  ten- 185. 

The  strontlum-90  has  a  positive  u:radlent  at  all  altitudes  and  latitudes  while  that 

o(  tunt^sten- 185  Is  ne>;atlve  In  the  hl.’hor  latitudes  and  altitudes.  This  sujft^oats 

a  recent  hlf^h  polar  source  for  a  substantial  fraction  of  the  strontium-90.  The 

rhodium- 102  (corrected  only  to  sampling  time  In  this  fl^re)  has  Its  highest 

I  oncent rat  Ions  the  highest  latitudes  and  altitudes.  The  cerium- 144  data  shows 

that  the  a-brls  Is  youn^;est  where  the  rhodium  concentrations  are  nltjhest.  Figure 

21a  showed  that  the  3trontium-90  concentrations  In  the  Northern  polar  region 

increased  from  about  145  dpm/1000  scf  to  about  220  dpm/1000  scf  during  October  1959 

at  70,000  feet.  If  half  of  this  increase  were  from  Teak  and  Orange  it  would  bo 

conslstei.t  with  the  35  dpm/lOOO  scf  calculated  above.  In  addition,  the  apparent 

decrease  in  age  oi  the  debris  shown  b;  the  cerium  data  (Figure  35)  Is  consistent 

with  an  Influx  of  strontlum-90  from  Teak  and  Orange  in  an  amount  equal  to  20%  to 

40%  of  the  total  present.  Rhodium  102  cor.'-entratlons  shown  in  Figure  38  Indicate 

stratospheric  ccjncentrations  In  the  275  dpm/lOOO  scf  range  as  calculated  above  und , 

in  addition,  delineate  the  stratospheric  distribution  of  debris  from  Teak  and 

Orange.  By  May  1960  about  0.5  megacuries  of  rhodium- 102  had  descended  l>e  low  70,000 

feet  which  again  corresponds  to  a  half  residence  time  of  about  5  years.  The 

distribution  was  symmet r  1  c-a  1  aljout  the  equator  and  the  fraction  of  the  strontlum-90 

from  Took  and  Orange  at  various  latitudes  was  respectively  25%,  10%,  and  2%  for 

the  latitudes  70*^’  N,  40^^  N  and  0*’.  More  recent  balloon  measurements  maiJe  by 
(73  ) 

Ashenfelter  at  AFCRL  Indicate  concentrations  at  85,000  feet  on  27  October  1960 


at  Ml nnoap<'' ’  1  s  to  about  300  corrected  dpm/lOOO  scf  of  rhodium- 102  and  130  dpm/lOOO 
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scf  of  3trontlum-90.  This  aaounts  to  30%  of  the  s t ron t 1 um- 90  bein^  from  Teak  and 
Orange.  An  earlier  balloon  flight  on  22  June  1960  at  the  same  place  showed  18% 
of  the  strontlun»-90  to  be  from  Teak  and  Orange.  Finally  a  small  portion 
of  the  springtime  1  icrease  of  tritium  In  rainfall  noted  In  1960  may  have  cooM 
from  Teak  and  Orange. 

Cone luslon 

The  results  of  the  measurements  described  above  have  Indirectly  shown  that 
rapid  mixing  probably  occurs  within  the  mesosphero.  Within  6  months  or  so  substart  al 
amounts  of  debris  from  Teak  and  Oran 'e  wore  available  In  both  polar  regions  to  be 
mixed  downward  by  their  winter  vortices.  Equatorward  and  additional  downward 
mixing  in  the  stratosphere  further  distributed  this  debris  where  It  became  subject 
to  the  normal  stratospheric  mixing  processes.  Tlie  total  atmosplieric  half  residence 
time  of  debris  Injected  into  the  mesosphere  Is  probably  no  more  than  10  years. 
(Mesosphere  5*3  years,  stratosphere  2  *  1  year).  It  may  be  that  debris  stabilized 
Just  below  the  stratopause  in  the  equatorial  regions  has  an  effet  tlve  residence  time 
somewhat  longer  than  debris  stabilized  In  the  mesosphere  due  to  slower  latitudinal 
and  vortical  mixing  rates,  however,  no  evidence  Is  available  to  indicate  that  this 
Is  so.  Consequently,  10  years  represents  a  probable  upper  bound  on  the  effective 
total  atmospheric  half  residence  time  of  debris  Injected  anywhere  In  the  atmosphere. 

One  of  the  Imptirtant  Implications  <>1  the  above  conclusion  is  that  any  debris 
that  Is  released  In  the  upper  atraosp.here  or  that  strikes  the  top  of  the  atmosphere 
from  above  will  be  subjected  to  this  hold-up  time.  Will  le  this  may  be  long  enough 
for  most  of  the  fission  products  to  dei'ay  almost  entirely  such  Is  not  the  case  for 
long  lived  nuclides  like  strontlum-90  and  cesium- 137.  Even  If  the  ha  1 f- residence 
time  is  as  b.ing  as  10  years,  the  activity  from  these  two  nuclides  will  Im?  reduced 


only  20%  by  the  tine  they  reach  the  „'round.  Since  radiation  from  theae  two  nuc  lidos 
accounts  for  abou’  three  quarters  of  the  world-wide  thirty  year  dose  from  io«er 
atmospheric  releases  of  fission  products  (Chapter  XI),  It  appears  that  releases 
of  these  materials  at  extremely  hltjh  altitudes  will  reduce  the  eventual  population 
dose  by  no  more  than  a  factor  of  two  when  compared  to  low  atmospheric  releases  of 
the  same  ma*?nltude.  This  applies  equally  to  any  fission  products  which  may  l>e 
released  outside  the  atmosphere  and  which  eventually  strike  the  top  of  the  atmosphere. 

Finally  It  Is  noted  that  the  relative  fraction  of  debris  from  Teak  and  Orange 
in  the  stratosphere  Is  Increasing;  (due  to  the  faster  removal  of  other  debris  from 
the  lower  stratosphere).  It  Is  anticipated  that  by  1962  over  one-half  of  the 
atmospheric  burden  of  strontlum-90  will  be  from  this  source  if  no  furtr.er  testlnt; 


Chapter  IX 


STRATOSPHERIC  MIXING  PROCESSES 


Introduction 

In  this  short  chapter  an  attempt  will  be  made  to  describe  the  mixing  and 
transfer  processes  which  occur  In  the  stratosphere  as  suggested  by  the  HASP  data. 

In  addition  some  speculations  will  be  offered  on  the  location  and  rate  of  departure 
of  nuclear  debris  from  the  stratosphere  and  the  various  mechanisms  which  nay  be 
Involved  In  this  transfer  process.  A  number  of  features  of  surface  fallout  can 
be  directly  tied  to  conditions  In  the  stratosphere  and  to  stratosphere-troposphere 
Interchange  mechanisms.  This  Includes  thi  unusual  latitude  distribution  of  surface 
fallout  and  the  seasonal  varlat'on  In  surface  fallout  rates  and  composition.  Since 
an  encyclopaedic  compilation  of  these  data  and  a  thorough  discussion  of  the  con¬ 
clusions  drawn  by  the  many  Investigators  Involved  In  these  studies  cannot  be  made 
here,  only  a  sampling  of  the  more  pertinent  studies  will  be  presented.  Additions 
Inforaatlon  on  surface  fallout  will  also  be  presented  in  Chapter  X. 

Vertical  and  Meridional  Transport 

Several  features  of  the  stratosphere  are  reflected  In  the  HASP  data.  Tliese 
Include  vertical,  meridional,  and  seasonal  movement  of  debris.  Perhaps  the  nt.st 
pronounced  feature  which  relates  to  vertical  movement  Is  the  perslstancr  of  the 
tungsten-185  maximum  located  near  70,000  feet  In  the  tropical  stratosphere  (Figs.  22-.'U). 
It  Is  evident  that  no  steady  vertical  mass  movement  Is  occurring  at  these  latitudes. 
During  the  first  months  after  debris  Is  stabilized  In  tlu  lower  equatorial  s  t  ra  t  os  ph.e  re 
the  lowest  portion  (55,000  -  GO, 000  feet)  Is  "washed  out"  (probably  by  local  fluc¬ 
tuations  of  the  tropopause)  and  the  resultant  vertical  gradient  above  the  troiMipause 
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bucomes  quite  steep.  Thereafter  little  of  the  debris  appears  to  move  across  the 
tropical  tropopause  Into  the  tropical  tropospliere .  Tliero  appears  to  be  some 
tendency  of  the  tungsten- 185  majclcoini  to  shift  back  and  forth  across  the  equator  a 
few  degrees  seasonally,  but  this  motion  Is  not  pronoun  ed.  Both  meridional  and 
vertical  removal  from  the  equatorial  maximum  can  l>e  approximated  by  assuming  an 
anisotropic  eddy  diffusion  process  which  will  cause  a  net  flux  down  the  concen¬ 
tration  gradient.  It  la  quite  apparent  the  meridional  transport  away  from  the 
equatorial  regions  pro( eeda  at  a  rate  much  greater  than  upward  movement  within  the 
equatorial  regions.  Using  a  quasl-Gausslan  model  of  turbulent  difflslon  (or 
Austauch)  away  from  a  central  concentration  of  debris,  Spar^^^  has  calculated  both 
the  vertical  and  meridional  diffusion  rates.  In  this  model  the  half-width  of  the 
cloud  grows  in  time  according  to  the  expression: 

h  =  1.67^1cf  (17) 

where  h  Is  the  half-width  In  centimeters,  T  Is  the  time  In  seconds  since  Injection, 

and  K  la  the  diffusion  coefficient.  The  strontluro-90  and  tungsten- 185  data  suggest 

9  2 

a  value  of  K  ,  the  meridional  diffusion  coefficient,  on  the  order  of  10  cm  /sec. 

y 

The  tungsten  data  suggests  a  value  of  K^.  the  vertical  dlffuslf>ii  coefficient,  in  the 

3  2 

tropics  on  the  order  of  10  cm  /sec. 

The  tungsten- 185  data  also  show  that  meridional  mixing  from  the  tropics  appears 
to  prexeod  on  surfaces  that  slope  downward.  The  elevation  of  the  zone  of  maximum 
tungsten- 185  has  lowered  about  15,000  feet  by  the  time  It  reaches  70*^  N.  No 
fully  satisfactory  explanation  of  this  phenomenon  has  l)een  offered  but  It  may  be  a 
combination  of  gr av  1 1 at l<  na  1  settling  especially  after  the  debris  l)ecomos  Incor¬ 
porated  Into  the  stratospheric  sulfate  layer  (See  Chapter  III)  ,  ixtaslonal  subsidence 
In  the  ex t r at ropic a  1  regions,  or  backflow  equatorward  along  the  downward  sloping 
Isentroplc  surfaces  after  some  type  of  dlabatlc  poleward  movement. 
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Another  feature  of  the  tungaten-185  datr  is  the  saddle  point  In  the  30°  N  to 
50°  N  region  (Fig.  32).  This  Is  apparently  caused  by  poleward  mixing  which  alter¬ 
nates  between  flow  Into  the  polar  stratosphere  and  flow  Into  the  troposphere.  This 
type  of  action  could  be  provided  either  by  a  meandering  wavellke  flow  through  the 
tropopause  gap  or  by  vertical  motions  tore  and  aft  of  high  tropospheric  troughs 
which  are  associated  with  extra-tropical  disturbances.  This  latter  type  of  motion 
has  been  described  by  Staley^^ (see  below).  The  action  of  the  vertical  motions  Stale 
describes  may  extend  some  distance  Into  the  stratosphere  and  could  also  contribute 
to  the  lowering  of  the  tung8ten-185  maximum  as  It  moves  towards  the  poles.  The 
apparent  vertical  diffusion  coefficient,  .  measured  In  the  polar  stratosphere 
la  on  the  order  of  10  cm'^/soc.  In  other  words,  vertical  mixing  In  the  polar 
stratosphere  Is  more  rapid  than  In  the  tropical  stratosphere.  It  Is  possible  that 
this  relatively  rapid  vertical  mixing  Is  more  pronounced  In  the  lower  polar  strato¬ 
sphere  than  In  the  higher  polar  stratosphere  (say  above  65,000  feet).  If  this  were 
the  case,  then  the  tungs ten- 1 85  maximum  could  be  depressed  by  faster  downward  mixing 
than  upward  mixing  as  the  debris  moves  polo  .rd. 

Seasonal  Trends 

Several  pronounced  seasonal  features  can  be  noted  In  the  HASP  data.  First  the 
debris  seems  to  be  removed  from  the  tropics  Into  the  winter  hemisphere  faster  than 
It  Is  Into  the  .summer  hemisphere.  This  may  be  due  to  an  increased  meridional 
diffusion  coefficient  In  the  winter  hemisphere  ctxnpared  to  the  sumr-.er  hemisphere. 
Another  explanation  is  that  the  v<jlume  occupied  bs'  the  winter  stratosphere  Is  greater 
than  that  of  the  summer  s  t  ra  tos  ^)he  re  and  there  Is  more  "uncontaml  nated”  air  Into  which 
the  debris  can  move.  This  latter  situation  Is  due  to  the  lowering  of  the  tropopause 


and  equatorward  movement  of  the  tropopause  gap  In  the  winter  hemisphere. 


in  addition, 


the  mld-latl tudo  Jet  stream  moves  equatorward  and  intensifies;  which  action  may 
also  contribute  to  Increased  mixing  into  the  winter  hemisphere.  Surprisingly, 
however,  the  onset  of  the  more  rapid  departure  from  the  tropics  seems  to  being  at 
higher  altitudes  and  then  to  progress  downward  (See  Fig.  21a). 

The  second  seasonal  trend  which  Is  evident  Is  the  Influx  Into  the  lower  polar 
stratosphere  of  high  altitude  debris  brought  down  by  the  p>olar  cylonlc  vortex  which 
develops  during  the  winter.  Since  this  action  has  been  discussed  In  the  previous 
chapter,  which  described  the  fate  of  debris  from  Teak  and  Orange,  no  further 
reference  to  It  will  be  made  here.  Suffice  It  to  say  that  the  various  seasoially 
dependent  characteristics  of  the  winter  stratosphere  are  such  that  debris  originally 
remote  from  the  polar  tropopause  Is  preferentially  placed  nearer  this  tropopausc 
in  the  late  winter.  This  situation  leads  to  the  "spring  rise"  In  fallout  rate  which 
will  be  described  In  some  detail  In  the  next  chapter. 

Residence  Times 

As  the  previous  report  (OASA  532)  pointed  out,  the  concept  of  a  single  repre¬ 
sentative  stratospheric  residence  time  is  an  untenable  one.  This  c< ncept  Is  based 
on  the  physical  notion  of  a  steady  removal  from  a  uniformly  nixed  stratospheric 
reservoir  under  such  conditions  that  the  stratosphere  remains  uniform.  As  we  have 
seen,  the  stratosphere  has  remained  remarkably  1  nhomogenl  ous  for  at  least  two  year.s 
after  the  last  major  nuclear  test  series  (late  1958).  Even  In  the  case  of  debris 
originally  stablP^ed  In  one  region  of  the  stratosphere,  a  single  residence  time 
probably  cannot  bo  selected  to  account  for  the  departure  rate  for  more  than  a  few 
half  lives  and  even  this  will  show  seaHor.al  fluctuations.  For  Instance,  the  tungstcn-lH5 
stabilized  In  the  lowrr  and  middle  tropltal  stratosphere  showed  a  high  fallout  rate 
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inltlrlly  (half  residence  time  of  about  9  months)  and  then  a  lowered  fallout  rate 
(half  residence  time  of  more  than  IH  months). 

A  number  of  investigators  have  su^;i;estcd  variable  residence  tl^es  as  a  function 
of  latitude  and  altitude.  Staley's  estlnates^^ have  ranged  from  2  months  to  18 
months  for  debris  placed  respectively  just  above  the  polar  tropopuuse  and  In  the 
ml  d-etjuator  1  a  1  stratosphere.  He  makes  no  estimate  of  residence  time  In  the  hl^h 
stratoaphere  or  mesosphere.  He  further  indicates  that  the  residence  time  for  some 
debris  could  be  as  short  as  a  few  hours  If  the  debris  were  Injected  Into  the  lowest 
stratosphere  on  the  cold  side  of  the  let  stream  associated  with  an  upper-alr  frontal 
zone.  Kartell's  es 1 1  mat  os ^ have  ranged  from  a  few  months  for  Soviet  test  debris  to  5 
to  10  years  for  debris  at  hl,;h.er  levels  near  the  equator  (CASTLE  debris).  However,  both 
Machta^^^^  and  Kuroda^^®^  have  objected  to  Kartell's  treat.ment  Indicating  that  the 
spread  of  a  factor  of  60  between  soviet  tests  and  the  CASTLE  test  is  too  (;reat.  On 
the  other  hand  the  s  1  n»;  1 e- vu lued  half  residence  time  of  0.5  +  0.1  years  which  Kuroda 
reports  based  on  strontlum-90  concentrations  In  rainfall  at  Fayettvllle,  Arkansas 
seems  merely  fortuitous.  LI  bby  ^  ^^^sunkt-'sts  a  half  residence  time  which  rannes  from  0 
months  for  Soviet  inicctlons  to  3j  years  for  hlch  equatorial  (CASTLE)  lnjc>  tlons.  We 
have  seen  before  (Chapter  VIII)  that  debris  Injected  Into  the  mesosphere  (Teak  and  Orange) 
appears  to  have  a  half  residence  time  on  the  order  of  5  years  and  that  10  years 
probably  represents  an  up[>er  limit  on  the  half  residence  time  of  debris  injected 
anywhere  In  the  atmosphere  (Includlm;  debris  which  falls  on  the  top  of  the  atmosphere). 

Even  though  the  assli  Lment  of  varylni;  half  residence  times  to  various  locations 
In  the  stratosphere  may  not  be  proper  1  ii  the  strictest  sense,  It  is  tempting  to  dc5  so 
because  the  calculation  of  the  result  In,:  stratospheric  and  surface  Inventories  becomes 
quite  almple.  Figure  52  shows  the  results  of  a  calculation  of  the  quarterlj-  strato¬ 
spheric  Inventories  below  150, (JUO  feet  and  the  surface  ln\entorles  of  st  ront  1  u.m-00 
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originally  In  the  atratosphere  based  on  half  residence  times  of  5  months  for  the 
lower  polar  stratoepherc,  10  months  for  the  tropical  stratosphere  up  to  70,000 
feet,  20  months  between  70,000  and  100,000  feet  in  the  tropics,  30  months  between 
100,000  and  150,000  feet  in  the  tropics,  and  60  months  above  150,000  feet.  The 
8trontluin-90  was  decayed  at  2^%  per  annum.  The  vertical  distribution  of  debris 
within  the  cloud  and  the  amount  Injected  Into  the  stratosphere  was  calculated 
according  to  the  method  described  In  the  previous  rep)ort  wd  th  the  additional  assump¬ 
tion  that  50%  of  the  8trontlum-90  was  scavenged  Into  lotal  fallout  from  land  surface 
bursts  and  ,'.0%  from  water  surface  bursts.  It  can  be  seen  that  the  soil  and  rainfall 
Inventories  at  the  surface  agree  reasonably  well  with  the  calculation,  but  that  the 
calculated  s  t  rat<JspherK  Inventory  drops  oft  after  1959  at  too  rapid  a  rate.  This 
latter  discrepancy  Is  enhanced  by  downward  mixing  Into  the  HASP  and  Ashcan  sampling 
region  of  debris  from  Teak  and  Orange  (which  were  accounted  for  only  In  the  surface 
1 nventory) . 

Meridional  Circulation  Models 

Besides  the  Fee  1  y-Spar ^ mcxle  1  of  meridional  transport  of  debris  through 
turbulent  diffusion  processes  which  has  been  described  above,  two  other  schemes 
Involving  organized  circulation  patterns  to  account  for  meridional  movement  within 
the  St  rat  03  pill -•  re  have  been  sugg.ested.  Ttie  first  of  these  is  the  Drewer-Dobson 
mode  1 . ^ ^  This  model  suggests  that  tropospheric  air  moves  upward  across  the 

tropical  tropopause  and  then  proceeds  northward  and  southward  deep  within  the 
stratosphere  escending  in  the  polar  or  tempierate  regions  and  thence  back  Into  the 
troposphere.  This  model  was  originally  evoked  to  account  for  the  drvness  of  the 
polar  stratosphere  and  the  efflux  of  ozone  from  the  stratosphere  Into  the  higher 
latitude  t  ro[K)s  pile  re .  A  number  of  Investigators^**-  *^'  19.59,77-79,61)  ^ave  found 


this  circulation  pattern  to  be  coopatlble  with  surface  measurements  of  fallout 
material  as  well  as  stratospheric  measurements  of  various  radioactive  materials.  in 
almost  every  case,  thf  Freely-Spar  model  can  be  used  equally  well  to  account  for  the 
distributions  and  concentrations  observed.  On  the  other  hand  the  tungsten-185  data 
obtained  by  HASP  seems  to  be  entirely  incompatible  with  the  Brewer-Dobson  model 
since  the  equatorial  maximum  has  shown  no  tendency  to  rise.  Furthermore  the  steep 
gradient  noted  in  the  polar  regions  for  all  isotopes  Lillitatea  against  a  persistent 
subsidence  of  air  in  this  region  as  required  by  the  Brewer-Dobson  circulation.  Except 
for  the  "cold  trap"  mechanism  to  explain  the  apparent  low  water  vapor  concentrations 
In  the  polar  stratosphere  there  seems  to  be  little  evidence  left  to  commend  the 
Brewer-Dobson  circulation  pattern.  Recent  measurements  of  relatively  high  water 
vapor  content  at  90,000  feet  ^  suggest  that  the  low  concentrations  in  the  lower 
polar  stratosphere  may  be  accounted  for  by  eddy  diffusion  out  of  the  tropical 
tropopause  region  Into  the  pwlar  stratosphere  and  the  possible  Interference  with 
frost  p<5lnt  measurements  by  the  hygroscopic  sulfate  layer  present  in  the  lower  strato¬ 
sphere.  *• 

More  re  ently  Libby  and  Palmer^ have  suggested  a  meridional  circulation  cell 
which  lies  cc«plctcly  within  the  stratosphere.  This  pattern  provides  for  slow 
poleward  movement  over  a  large  region  of  the  higher  stratosphere  and  more  rapid 
equatorward  movement  in  a  smaller  region  of  the  lower  stratosphere  with  upward  move¬ 
ment  at  the  equator  and  downward  movement  at  the  poles.  Since  the  pattern  described 
lies  almost  entirely  within  the  HASP  sampllnj;  region,  this  type  of  circulation  almost 
certainly  should  have  been  (observed  in  the  HASP  data  If  it  in  fact  exists.  Such  has 
not  been  the  case.  Libby^^*^^  suggested  that  tlie  tungstcn-lM5  injected  into  the  lower 
tropical  stratosphere  was  prevented  from  entering  this  circulation  pattern  by  being 

trap[>ed  in  the  Berson  westerl''  winds  which  lay  pist  above  the  tropical  tro[K)pause. 

*Sec  also  Mastonbrook,  H.  J.  and  J.  E.  Dinger  Journ  Gcophya  Res  GC  1137  (19G1) 

••see  also  Goldsmith,  P.  and  F.  Brown  Nature  191,  1033  (1961) 
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However  these  winds  had  disappeared  from  the  tropical  stratosphere  by  the  late 
summer  of  195H'  ’  ^  and  were  replaced  by  the  more  Keneral  Krakatoa  easterly  wind 

reK’lme  which  prevailed  thereafter.  This  fact  seems  to  vitiate  Libby's  argument 
somewhat.  In  any  event,  neither  the  8trontlum-90  distributions  nor  the  tunRSten-lSS 
distributions  observed  by  HASP  tend  to  support  the  Llbby-Palmer  circulation  model. 
Finally,  Independent  support  of  the  Feeiy-Spar  model  Is  provided  by  Newel  1^®^^  who 
suK^ests  that  the  surface  measurements  of  tunKsten-185  orl^’lnally  placed  in  the 
stratosphere  Indicate  that  this  material  was  carried  poleward  and  downward  by  eddy 
processes  rather  than  those  of  so-called  mean  motions. 

Stratospheric-Tropospheric  Interchange 

A  number  of  Investigators  have  sui;i4ested  possible  modes  of  removal  of  radioactive 
debris  from  the  stratosphere.  Spar^^^  has  shown  that  a  pure  eddy  diffusion  across  the 
tropopause  may  occur  but  that  It  Is  too  slow  t<  account  for  the  short  residence  times 
observed.  He  has  further  suKKOSted  that  turbulence  In  the  tropopause  ^ap  ret;lon 
ml^ht  produce  higher  horizontal  diffusion  coefficients  and  could  promote  turbulent 
transfer  through  the  gap.  Large  scale  horizontal  meandering  stream  flow  through  the 
gap  was  also  suggested.  Without  suggesting  how  the  debris  crossed  the  tropopause, 
Machta^^^^  has  calculated  that  the  not  zonal  removal  c.f  .st  ront  1  um-90  from  the 
stratosphere  dviring  the  spring  of  1969  was  propcjrtl <>r.a  1  t(  the  area  of  the  zone  l.e. 
the  net  flow  per  unit  area  north  of  90"  N  was  unlfomn. 

Perhaps  the  most  evident  feature  of  the  siirlace  falUxit  1  .s  that  It  descends  at 
a  maximum  rate  tluj'lng  the  sjirin  and  ha.s  a  }M,ak  in  the  -  Go"  latitude  bund. 

Anon,:  others,  Gistalson^  ^  lias  su  istel  th.it  the  sprii.  [xuik  (.in  bi  e. plained  by 
the  Increasln,:  volume  otxuplid  b;,  tin.  sprin-ti-e  t  i(  ipos  plu' I'e  us  the  t  ri.ipop.i  ,ise 

rises  und  as  the  gap  re  •  1  on  ■  mes  polew.ird.  This  ui  tlon  would  encompass 

*  See  als('  Peed,  It.  J.  ,  a.  ,I.  ('ompliell,  I..  A,  Ua-smusser  ,  and  I).  G  Rogers 
lourn  of  frtophvs  [ie>s  r,(>  ^  HIR  (I9G1) 
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stratospheric  air  which  has  had  sufficient  time  to  have  Its  radioactive  content 
enhanced  by  the  seasonal  stratospheric  phenomena  dcicrlbed  above.  In  addition, 
Gustafson  attributes  considerable  Inf’ux  to  a  disruption  of  the  polar  tropopause 
In  middle  latitudes  during  the  spring  months.  He  further  points  out  that  little 
stratospheric  removal  occurs  In  the  late  summer  and  fall  while  the  polar  tropopause 
Is  lower!  nfj  and  the  gap  Is  moving  toward  the  equator.  This  Is  evidenced  by  the 
fact  that  surface  air  concentrations  decrease  rapidly  during  this  time  (apparent 
residence  time  of  less  than  50  uav:. ) .  Walton^^^”^^^  has  discussed  the  effect  of 

subsidence  of  stratospheric  air  into  the  troposphere  In  the  wake  of  cyclonic 
disturbances.  These  disturbances  are  prevalent  In  the  mid-latitude  region  and 
produce  heavier  rainfall  during  the  spring  months.  Walton’s  studies  have  shown 
that  the  tropopause  can  be  lowered  by  these  disturbances  and  it  is  possible  that 
as  It  Is  reestablished  at  a  higher  altitude  some  of  the  stratospheric  debris  will 
be  Incorporated  Into  the  troposphere. 

In  a  classic  study  of  atmospheric  phenomena  In  the  vicinity  of  the  polar- 
equatorial  tropopause  discontinuity  (tropopause  "gap"),  Staley^^*^  has  reviewed 
so-Te  of  the  above  notions  and  points  out  the  dlfllcultles  Involved  In  considering 
the  tropopause  to  be  some  kind  of  barrier  to  airflow  with  the  gap  region  providing 
a  hole  In  this  barrier.  In  fact  his  study  shows  that  the  isual  definition  of  the 
tropopause  becomes  Inappropriate  in  the  gap  region  when  associated  with  an  extra- 
tropical  disturbance.  Here  the  discontinuity  in  potential  vortlclty  appears  to  be 
the  significant  physical  quantity.  This  construct  Is  the  same  thing  as  the  tropojiausc 
away  from  the  g.g  region  and  In  the  gap  region  defines  what  has  been  described  as 
a  "folded"  tropopause  or  tropopause  "funnel"  which  may  extend  down  to  800  mb  (5000 
feet).  Considerable  vertical  motion  of  the  air  in  the  vicinity  of  this  "funnel"  has 
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been  noted.  In  the  lower  stratosphere  subsidence  occurs  over  areas  as  lar^e  os 
1x10  Km^  with  velocities  as  ^reat  at  10  cm./sec  In  the  frontal  zone  usually  found 
on  the  southwest  side  of  the  trou^;h  aloft.  Wlthlp  2  1  hours  some  stratospheric  air 
can  be  brought  down  along  laentroplc  surfaces  (adlabatical ly)  to  within  5000  feet  of 
the  ground.  It  also  appears  that  dlabatlc  Incorporation  of  stratospheric  air  Into 
the  troposphere  can  take  place.  Rising  air  Is  found  on  the  northeast  side  of  the 
trough  aloft.  Trajectories  show  that  most  of  the  rising  air  is  not  air  that  had 
Just  subsided  and  vice-versa.  In  other  words,  the  circulation  Is  not  closed  In  the 
Immediate  vicinity  of  the  disturbance  and  there  Is  a  net  Interchange  of  air.  Since 
the  tropospheric  residence  time  of  fallout  debris  Is  short,  It  Is  to  be  expected 
that  the  radioactivity  will  be  removed  from  the  air  which  descended  from  the 
stratosphere  prior  to  Its  return  to  the  stratosphere  from  the  troposphere.  This 
would  result  In  a  net  outflow  of  debris  from  the  stratosphere.  Assuming  that  there 
are  5  such  stoi-ms  operating  in  each  hemisphere  at  all  times,  Staley  has  shown  that 
a  net  quantity  of  air  equal  to  half  the  mass  of  the  stratosphere  is  exchanged  In 
about  18  months.  His  conclusion  concerning  the  mass  flow  out  of  the  stratosphere 
associated  with  extratroplcal  disturbances  of  moderate  Intensity  In  middle  and  high 
latitudes  as  being  quantitatively  important  for  the  residence  time  of  debris  Injected 
Into  the  stratosphere  seems  entirely  Justified  If  the  stratospheric  behavior  described 
above  Is  taken  Into  account.  Further  It  provides  considerable  insight  Into  the 
mechanism  of  Interchange  in  the  "gap"  region.  It  Is  not  to  be  concluded,  however, 
that  Staley's  mechanism  is  the  only  one  which  produces  egress  of  radioactive  debris 
from  the  stratosphere,  since  the  other  mechanisms  described  above  doubtless  -c 
real.  The  relative  importance  of  these  mechanisms  cannot  be  fully  evaluated 
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at  the  present  time;  moreover,  their  effectiveness  probably  would  be  stron(,;ly 
dependent  upon  the  precise  conditions  and  location  of  inject’on  of  a  particular 
cloud  of  debris  into  the  stratosphere. 
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Chapter  X 


SURFACE  FALLOUT 

Introduction 

Wil  Ic?  the  HASP  program  has  contributed  little  direct  data  or,  surface  fallout 
distributions,  since  its  major  aim  was  to  delineate  the  role  played  by  the 
stratosphere  in  the  world-wide  distribution  of  fallout,  it  was  hoped  tnat  this 
program  would  contribute  to  an  understanding  of  the  surface  distributions  observed, 
iifhi  le  it  will  l>e  impossible  hero  to  produce  an  encyclopaedic  survey  of  the  many 
fallout  measurement  programs  which  are  presently  bein;  conducted  and  which  have 
been  conducted  in  the  past,  it  will  be  instructive  to  note  some  of  the  features 
which  have  been  observed  in  a  few  of  the  more  extensive  collection  networks. 

Surface  measurements  generally  fall  into  three  categories,  namely,  measurements 
of  activity  in  surface  air,  surface  rain,  and  soil  (and  sea  water),  iurfaco  air 
measurements  generally  reflect  tlie  amount  of  material  available  for  removal  by 
rainfall.  A  single  station  may  L>e  represer  atlve  of  a  relatively  large  area  ajid 
will  reflect  to  some  extent  tlie  se.isonal  influxes  from  tne  stratosphere  tempered 
by  the  removal  of  deliris  by  recent  rains.  Surface  rainfall  measurements  [generally 
reflect  the  rate  of  fallout  at  the  collection  station  and  may  not  be  as  representative 
of  as  large  an  area  as  are  ttie  surface  air  measurements  due  to  the  localized  nature 
of  rainfall.  Total  inventories  can  be  evaluated  by  integrating  the  rainfall 
ccllectlons  taking  into  account  the  variations  from  place  to  place  of  specific 
1  soto  pic  concentrations  and  rainfall  amounts.  Except  in  areas  Alilch  experience 
little  rainfall,  dry  fallout  is  a  relatively  unlmfjortant  factor  since  rainfall  is 
believed  to  be  the  primary  scavenging  agent  for  fallout  debris  over  most  of  ttie  globe. 
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Soil  (leasurements  provide  a  direct  metnod  of  determining  the  total  surface  burden 
of  r ad 1  oactlve  fallout.  However,  this  technique  has  a  numl)er  of  difficulties  In 
practice  which  Include:  problems  In  radiochemical  extraction,  problems  In  accounting 
for  rainfall  variations  from  place  to  place,  and  problems  In  accountin';  for 
radioactive  decay  of  the  various  nuclides. 

In  the  sections  which  follow,  several  topics  will  be  discussed.  Including;;  the 
latitudinal  and  seasonal  variation  In  fallout  rates  from  various  sources,  total 
Inventories  l)oth  surface  and  atmospheric,  fallout  from  the  French  tests,  fallout 
from  the  Nevada  Test  Site,  and  certain  characteristics  of  c >ncent rat  Ions  In  rain 
water  and  tlie  sell. 


D1  s t r 1 bu 1 1  Dm  of  Surface  Fa  1 1 ou t 

One  feature  of  surface  fallout  which  has  been  almost  universally  observed 
3  6, 40, 7b,  79, 8-1,87,89-90) 


(31,33, 


Is  the  fact  that  the  rate  of  fallout  In  the  spring;  Is 
:;reator  than  In  the  fall  by  a  larje  factor.  One  of  the  most  strlklnj;  displays  of 
this  soasor.al  variation  is  provided  by  measurements  of  coslum- 137  in  surface  air 
collected  at  the  Ar-jonne  National  Laboratory  near  Chicago.  Fl;;ure  53,  provided  by 
Gustaf  son ,  ^  shows  that  there  has  been  an  Increase  In  the  concentration  each  sprlm 
sinre  the  first  thermonuclear  detonation.  A  number  of  explanations  of  this  phenomena 
have  been  described  in  previous  chapters  and  It  seems  that  It  Is  caused  primarily 
by  seasonal  changes  of  the  me teoro lo(;lca  1  conditions  In  the  upper  atmosphere.  It 
has  also  been  su,;  rested  that  "seasof'al  "  variations  in  nuclear  testlni;  cycles  have 
produced  the  periodicity  noted.  Certainly  these  testing  cycles  affect  the  sprln'^ 
fallout  rate  but  it  seems  reasonable  to  l)*»lleve  that  they  relate  more  to  the  quantity 


*  See  Gustafson,  P.  F.  ,  S.  S.  Brar,  and  M.  A.  Kerrl  jan  Science  133,  460  (1961) 
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(93  95) 

of  fallout  produced  each  year  than  to  the  yearly  frequency  observed.  Hvlnden' 
has  3u,;,;ested  that  annual  variations  in  rainfall  may  account  for  the  seasonal 
variations  In  rhe  concentrations  noted  In  surface  air  and  rain  water.  He  has  ■‘.hown 
that  the  Iturease  in  rainfall  during  the  sprln^;  and  summer  tends  to  depress  the  air 
concentrations  which  later  build  up  when  the  rainfall  diminishes.  Hvlndon  concludes 
that  stratospheric  fallout  rates  nay  bo  fairly  constant  In  time,  Wlille  the  seasonal 
factor  in  rainfall  no  doubt  enhances  the  seasonal  fallout  effects,  It  Is  difficult 
to  attribute  the  tenfold  fluctuation  in  air  concentrations  to  the  twofold  fluctua¬ 
tion  in  mean  rT.lnfall. 

An  extensive  surface  air  samplin';  network  has  l>een  operated  aloni;  the  ftOth 

(3  1  33 ) 

meridian  by  the  U.  a.  Naval  Rosear<h  Laboratory  since  1956.  ’  Several  of  the 

features  of  this  network  have  been  do3crll)ed  in  previous  chapters.  The  network 
has  shown  that,  in  toneral,  the  greatest  concentrations  of  radioactive  material 
occur  In  both  raid- latitude  rorjlons.  In  addition  It  has  shown  that  concentrations 
In  the  iouthern  homisptioro  have  l^een  conslstantly  lower  and  the  debris  has  been 
older  than  In  the  Northern  hemisphere.  These  differences  have  been  due  mainly  to 
the  hi  :h  latitude  Soviet  tests.  Tlie  1959  spring  peak  In  the  Northern  hemisphere 
was  well  documented  and  it  was  shown  tliat  the  bulk  of  this  peak  came  from  the  fall 
1958  Soviet  test.  After  .May  19^3,  tlie  surface  air  concentrations  in  the  Northern 
hemisphere  dropped  rapidly  which  Indicated  that  little  debris  was  enterln;;  the 
troposphere  from  the  stratosphere.  By  late  1959,  most  of  the  debris  that  was 
measured  at  the  surface  appeared  to  be  of  HARDTACK  orljln. 

CXistaf  son 's  ^  extensive  invosti,;ntion  of  nlr  samples  collected  at  ANL  sheds 
additional  ll;ht  on  some  of  the  surface  fallout  features  after  rid- 1958,  Flipire  5‘1 
shows  the  concentrations  of  tun js ten- 18  1  ,  cesium- 137,  and  rhodium- 102  measured  by 
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; anna- ray  spec t roscopy  In  the  air  samples  collected.  The  tunjston-lRl  Is  presumed 


to  come  from  the  ILARETT/ICK  series  alone  and  the  rhodium- 102  from  Oranjo.  Uslnj  these 
Isotc.plc  measurements  as  well  as  others,  Gustafson  was  able  to  reconstruct  the 
fraction  of  the  cesium- 137  observed  which  could  bo  attributed  to  various  sources. 

A  multiple  Isotopic  analysis  similar  to  that  descrllx;d  In  Chapter  VI  was  employed 
alon;  witli  a  meteorological  construct  to  eliminate  the  contribution  of  pro-HARDTACK 
debris.  Tlie  results  are  shown  In  FI  ;ure  55.  It  Is  seen  that  about  80%  of  the  1959 
sprlr^i  peak  came  from  the  Soviet  test  of  late  1958.  No  furtlier  debris  from  this 
source  was  seen  after  late  1959.  The  sprln-  peak  of  19G0  was  mainly  from  HARDTACK 
and  included  an  Increasln,;  amount  from  Teak  and  Orani'e.  Tlie  apparent  stratospheric 
residence  time  has  Increased  due  to  the  removal  of  the  lower  altitude  elements. 
Gustafson  Indicates  that  rouijhly  50%  of  ttie  cesium- 137  found  In  the  surface  air 
durln,;  the  fall  of  19G0  was  pre-HARDTACK  In  origin. 

Similar  results  to  those  of  Gustafson  concernln;;  the  fallout  from  the  Soviet 
test  series  have  l)oen  reported  by  a  number  of  lnvostl;;ator3.  Walton^®*^^  concludes 
from  tuns^sten- 185  and  strontlum-89,-90  measurements  In  Now  Jersey  rain  that  70%  to 
80%  of  the  strontlum-90  In  the  1959  sprlni;  jjeak  came  from  the  Soviet  test.  A  true 
seasonal  variation  of  the  equatorial  debris  Is  also  observed  In  t'.e  tungsten- 185 
collections  at  Westwood  from  the  HARDTACK  series.  Usinj;  a  method  similar  to  that 
of  Gustafson,  Edvarson  concludes  that  only  55%  of  tlie  cesium- 137  in  the  1959 
sprln;;  peak  In  Sweden  was  attributable  to  the  Soviet  series  and  that  the  residence 
time  of  this  material  was  about  6  months.  On  the  basis  of  tun;;3ten- 185  ireasurenents 
In  the  world-wide  AEC  pot  (rainfall)  collection  pro,;ram,  Hardy^^^^  concludes  that 
no  more  than  20%  of  the  3trontlum-90  in  the  1959  sprln;;  peak  can  be  assigned  to 
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the  HARDTACK  series.  Dlolchrodt  has  reported  the  8trontlu»-90  spring  peak 

in  1959  In  rainfall  over  Holland  to  l>e  composed  of  as  auch  as  80%  to  90%  Soviet 

debris.  Ik?  also  notes  the  rapid  decrease  In  concentration  after  May  1959  (Initial 

half-time  somewhat  nvire  than  one  month).  He  attributes  this  to  a  sudden  reduction 

In  the  rate  of  Input  of  radioactive  dust  from  the  stratosphere.  Dlelchrodt  also 

observes  a  p>eak  In  the  spring  of  1960  which  he  attributes  to  meteorological  factors. 
(77  ) 

Kuroda  has  reported  that  60%  of  the  1959  spring  peak  In  Arkansas  rain  can  be 

i  "7  C  \ 

attributed  to  Soviet  debris.  The  I960  spring  peak  Is  also  apparent  li.  his  data.' 

A  number  of  studios  of  faliout  debris  In  rainfall  In  the  United  States  have 

(87  88 ) 

l)een  undertaken.  Some  of  the  results  obtained  by  Walton's  ’  study  of 

New  Jersey  rain  will  be  metitloned  tiere.  The  most  evident  feature  that  Is  noted  In 

the  New  Jersey  rain  Is  the  seasonal  fliu:tuatlon  in  concentration.  From  Sept>*ral>er  1959 

through  July  1960  th«»  concentration  of  strontlum-90  could  be  approximated  liy  a 

2  2 
steady  fallout  of  0.08  me, 'ml  /in  witii  a  spring  excess  of  about  0.  15  mc/ml  /In. 

Over  40%  of  the  total  deposit  for  this  fx*rlod  ciune  from  the  excess.  Over  the  years, 

the  rate  of  accumulation  of  strontlum-90  at  Westwood,  N.  J.  and  New  York  City 

calculated  from  rainfall  measurements  has  paralleled  the  rate  of  departure  from  the 

stratosphere.  Table  XVII  shows  the  deposit  ea<h  year  up  to  July.  It  can  t>e  seen 

that  the  deposit  prior  to  1954  was  lf)w  .and  that  between  mid- 1951  and  mld-195H  tiie 

2 

annual  rate  was  fair  Is  constant  (~10  me /ml ‘"/'y  r ) .  From  mid- 1958  to  nld-iy59  the 
rate  more  than  douljled  and  thereafter  dropix'd  off  to  a  low  value.  The  net  deposit 
of  89.5  mc/ml*"  reduces  to  78.5  me  'ml*"  on  1  July  1960  If  radioactive  decay  Is  taken 
into  account.  The  changes  In  rate  noted  here  compare  with  those  shown  previously 

•  See  also  Dlelchrodt,  J,  F.  ,  Joh.  Blok,  and  E.  H.  van  Abkoude ,  Jourjial  f)f 
Geophysical  H»*search  66,  2183  (1961) 
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In  Figure  52. 


To  Mill- Year 


1951 

1955 

195r, 

1957 

195K 

1959 

1990 


Table  XVII 

Incremental  and  Net  Deposits  c 
Strontlum-90  In  the  Westwood,  N, 
Area  Since  1954  (mc/ml*") 
Increment 


4.2 
9.  5 

10.9 
11.5 
O.  1 
27.  1 

7.2 


f 

J. 


Net  (undecayed) 

4.  2 
13.7 
24.  6 
3G,  1 
49.  2 
79.. 3 
h.T.  5 


Mt  asurements  of  the  Co-144/Si — 90  ratio  In  Westwood  rains  can  be  compared  to 
those  collected  elsewtiere.  This  Is  done  In  Figure  56  for  rain  collected  at  Westwood, 
N.  J.  ,  Pittsburgh,  Pa.,  Houston,  Texas,  and  Richmond,  California.  In  addition  the 
lower  stratospheric  concentrations  obtained  by  HASP  and  the  rainfall  measuroirents 
at  Rljswijk,  Holland  are  shown  for  comparison.  It  can  t)e  seen  that  there  Is  con¬ 
siderable  difference  between  the  stations.  Part  of  this  nay  l>e  due  to  differences 
in  laboratory  calibrations  but  this  should  be  a  minor  factor  (and  should  be  absent 
in  the  Westwood-HASP  comparison).  It  Is  evident  In  the  figure  that  the  January  1960 
U.  j.  readings  are  all  hi ;her  than  the  HASP  readings.  This  may  be  duo  to  the  last 
Increments  of  Soviet  debris  l>elng  deposited  while  the  HASP  measurements  In  the 
lower  stratosphere  reflect  the  Incursion  of  HARDTACK  debris.  No  support  for  the 
contention  that  the  Jainiary  rainfall  contains  much  Soviet  debris  can  be  provided  by 
the  Chlcagc'  air  m«'a.suroments ,  however  (see  Fli;  55).  After  January  the  overall 
average  I'.  S.  rail. fall  measurements  drop  to  about  that  value  which  would  be  predicted 
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from  lowor  stratospheric  measurements  but  the  Individual  U.  S.  station  averages 
show  lar.:o  variations.  The  Rainfall  measurements  at  R1  Jswl  Jk^  a<;roe  re¬ 

markably  well  with  the  HASP  measurements,  however, 
f  8  8  ) 

Walton^  ’  has  investigated  the  notion  that  the  low  values  at  Westwood  are 

caused  by  rosuspenslon  of  strontlum-90  previously  deposited.  He  shows  convincingly 

that  this  cannot  t>e  the  case.  One  clue  as  to  why  the  various  U.  S.  stations  show 

so  much  variability  from  month  to  month  and  from  one  another  is  supplied  by  solubility 

(421 

studies  on  various  nuclides  in  rainfall.  Salte’*'  '  has  reported  that  the  cerium- 144 

in  one  Pittsburgh  rain  sampled  was  about  1%  water  soluble  while  the  strontluDV-90 

fraction  was  about  50%  water  soluble.  This  disparity  may  well  lead  to  fractionation 

between  the  nuclides  during  the  course  of  their  incorporation  into  rain  and  eventual 

deposition.  In  addition,  this  disparity  places  a  premium  on  careful  collection 

and  analysis  techniques.  Salter  concludes  that  large  fluctuations  in  the  Ce-144/Sr-90 

ratio  in  precipitation  may  be  expected,  depending  upon  tho  history  of  t!io  pre(!l  pi  tat  Ing 

elements,  and  the  relative  quantity  of  particulate  matter  Included.  It  should  bo 

noted  also  that,  like  tho  Co-144/Sr-90  ratio,  the  C3-137/Sr-90  ratios  in  rainfall  aiid 

soil  samples  collected  it  a  number  of  altes^^®’ have  often  differed  markedly  from 

tho  theoretical  ratio.  Measurements  in  stratospheric  samples  collected  by  HASP  lead 

to  the  conclusion  that  these  differences  are  engendered  after  departure  from  the 

stratosphere  since  the  ratios  in  tho  HASP  samples  are  close  to  the  theoretlca''  valui*. 
(SS ) 

Walton  has  ri'i'iorted  that  dry  fallout  may  i>e  i?ntianc<  d  in  cerlum-lM  and  may 

show  ;rcat<'r  variability  than  fallout  in  rain  water.  In  addition,  In  notes  that 
the  siieclflc  coriceti  t  r  at  1  on  of  s  t  run  t  i  ain-90  in  tiie  ll^iit  rain  fc’llowln;  a  cold 
frontal  passage  is  often  ;reater  than  that  In  the*  heavier  rain  1  r.  the  frontal  zo'e. 
Finally,  Walton  has  shown  rather  conclusively  that  one  cannot  recoistitii  t  soil 
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FIGURE  56  CE-114/SR-90  RATIOS  IN  AIR  A}®  PRECIPITATION  SAMPLES 


concentrations  of  st  rontliin-90  at  one  .loojraphlcal  location  from  rainfall  concentra¬ 


tions  at  another  site  oven  when  the  two  are  at  the  same  latitude  and  have  the  same 
amount  of  rainfall.  Tills  Indicates  that  local  moterorolo,;lral  conditions  as  well 
as  variations  In  tropopause  iieli;hts,  elevation  of  clouds  producln;;  precipitation, 
and  the  history  of  particular  air  masses  may  affect  differently  the  rate  at  which 
various  nuclides  are  incorporated  into  rain.  The  fact  that  Rljswljk  lies  dcwnwlnd 
of  a  lar ’o  uniform  rejlon  (the  Atlantic  Ocean)  may  explain  why  Its  rainfall  measure¬ 
ments  refU'ct  so  (  losely  the  lower  stratospheric  measurements. 

The  major  point  to  be  made  here  Is  that  extreme  caution  should  be  used  in 
making;  [generalizations  from  rainfall  collected  at  one  jjeotjraphlcal  location. 

Fallout  from  French  .Nuclea.-  Tests 

On  13  February  1960  the  French  detonated  a  device  with  approximately  6C  to  80 

kilotons  yield.  Since  a  numlier  of  months  had  elapsed  since  the  last  detor.atlor, 

the  presence  of  Its  debris  in  the  80'*  meridian  surface  air  network  was  quite  apparent. 

Twenty  days  after  detonation  it  had  reached  three-quarters  of  the  way  around  the 

globe  and  the  cloud  had  a  half  width  at  the  surface  of  about  20*^  latitude.  Using 

ID  2 

expression  (17)  alKJve ,  this  yields  a  meridional  diffusion  constant  of  10  cm  /sec 

for  the  equatorial  t  roposi.'hore .  The  effective  zonal  wind  (not  necessarily  the 

surface  wind)  would  be  35  statute  miles  per  hour.  A  similar  passage  was  noted  for 

the  27  Oocemlier  1960  shot,  but,  oven  though  It  reached  the  network  In  one-half  the 

(99) 

time,  concentrations  were  one-fifth  to  one-tenth  those  of  the  first  shot.  A 

numljor  of  other  investigators  have  reported  measurements  of  debris  from  the  first 
French  det  onatlon.  Those  all  occurred  In  surface  air  and 

rainfall  at  higher  latitudes  than  that  of  the  explosion.  Apparently  the  high 
tropospheric  winds  were  not  zonal  during  the  course  of  the  first  cl rcumglobal 


(97) 
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traverse.  in  addition,  the  cloud  probably  »as  split  up  Into  a  number  of  soi;inents 
due  to  wind  shears. 

Tf>  determine  what  effect  this  detonation  l>ad  on  tlie  sprln;  peaJ<  of  19(50,  It 
is  necessary  to  determine  the  fraction  of  a<tlvlty  (both  short-lived  and  lon,;er- 
llved)  attributable  to  the  test.  A  rou,;h  approximation  can  l>e  made  by  comparln,^  the 
3trontium-90  produced  in  the  French  test  Kllocurle)  with  the  amount  available 

for  t  he  sprln.;  fall  out  In  the  lower  stratosphere  of  tlu‘  Nortliern  hemisphere.  Table  VII 
shows  this  to  be  about  330  Kllocurle.  It  appears  then  t)»at  at  least  2%  of  the 
fallout  could  come  from  the  French  test.  It  Is  an  easy  matter  to  determine  the 
Frencli  contribution  of  any  isotope  observed  In  a  particular  sample  by  measuring;  Its 
strontlum-89  or  barium- 140  content.  Kuroda'  *  rop<')rts  that  the  rain  sample  at 
Fayetteville,  Arkansas  with  the  most  French  debris  amounted  to  3%  of  the  total 
stroatt  im-90.  Walton'  '  reports  a  maximum  in  one  ,S'ew  Jersey  rain  of  6%  which  In¬ 
creased  the  total  of  that  month  (February  1960)  by  1%.  B leichrodt reports  an 
Increase  In  cesium- 137  for  tie  r.nnth  of  April  to  be  2.3%  of  the  total  at  Rijswljk. 

It  Is  seen,  tlio  ',,  that  t!.  ’  i  .i  ,  Increase  In  fallout  of  longer  lived  Isotopes  Is 
only  slli;htly  affected  b  the  French  test.  On  the  other  hand,  a  lar;e  fraction  of 
the  sprln,;  Increase  in  total  beta  activity  can  l)e  attributed  to  the  French  debris 
at  a  number  of  stations  since  there  were  pro[)ort  1  onate  ly  more  short  lived  beta 
emitters  in  the  French  cloud  tiian  in  the  older  back  ;round.  For  instance  the  1960 

n 

prln,;  Increase  In  cumulative  fallout  (mcAm  based  on  l)eta  decay)  at  KJeller,  Norway 
reported  by  Hvlnden^^®^  appears  to  be  mainly  f ron.  the  French  test. 

Surface  Inventory  of  Strontlum-90 

Two  basic  typos  of  data  are  available  for  detormlnln,;  the  total  burden  of 
strontium-90  on  the  surface  of  the  earth,  namely  concentrations  of  this  nuclide  In 
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soli  and  In  rain.  Soli  measurements  provide  the  most  direct  measure  of  the  total 


concentration.  There  are  a  number  of  different  methods  of  attack  which  may  bo 

used  to  extend  the  sparse  soil  data  available  to  represent  the  whole  jlobe. 

Walton^ and  Alexander^^^^^  have  examined  several  of  these  methods  and  have 

detailed  the  strengths  and  weaknesses  of  each.*  Walton's  basic  system  Is  to  sum 

over  each  10°  latitude  band  the  product  of:  the  band  area.A^  In  ml^;  the  mean 

“  2 

deposition  concentration,  f^  expressed  In  mc/ml  per  Inch  of  mean  annual  rainfall; 
and  the  mean  annual  rainfall  for  the  latitude  belt,  p^  in  Inches,  The  analytical 
expression  Is; 

A 

Inventory  =  _  A  .  f  .p  '18) 

1=1  ^  ‘  ^ 

One  way  to  obtain  the  value  of  f^  for  any  one  site  Is  to  divide  the  quantity 

O 

of  strontlum-90  In  a  soil  sample  (mc/ml  )  by  the  amount  of  rainfall  that  fell  at 
that  site  between  1953  and  the  time  the  sample  Wb...  taken  and  then  multiply  by  the 
number  of  years  between  1953  and  the  time  the  sample  was  taken.  Assuming  that  In 
any  one  latitude  bond  the  deposition  concentration  is  Independent  of  the  mean  annuul 
rainfall  (MAR)  at  the  various  sites,  f^  Is  obtained  by  taking  the  ari  tiunetical  mean 
of  f^  for  each  site.  Using  values  of  p^  determined  from  extensive  climatological 
studies  one  can  then  calculate  the  Inventory.  Table  XVIII  shows  Walton 's^ 
results  based  on  the  above  system. 

One  major  deficiency  In  the  above  calculation  Is  that  the  assumption  that  the 
deposition  concentrations,  f ^ ,  are  Independent  of  the  mean  annual  rainfalls  at 
various  sites  In  any  one  bond  Is  probably  n  *  valid.  v.alton  has  siiown  tiiat  there 
Is  a  negative  correlation  Ijotwoen  tliese  two  variables,  i.e,,  the  soil  deposition 
•  See  also  previous  report  (DASA  532) 
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TABL£  XVIll 


Surface 


nf  Strontlua-90  on  1  July 


Latitude 


1 

0 

o 

00 

90°N 

70*^  - 

80°N 

60°  - 

70°N 

o 

c 

1 

OO'^N 

i£a 

o 

c 

1 

50°N 

30°  - 

40«N 

1 

0 

o 

30°N 

10°  - 

20°N 

0°  - 

■  10°N 

0° 

-  10°S 

10° 

-  20OS 

10 

o 

o 

-  30°S 

30° 

-  40°S 

40° 

-  50°S 

0 

o 

-  60°S 

60‘^ 

-  70^5 

o 

o 

-  80°S 

80°  -  90°^ 


1.6 

•1.3 

7.3 

9.8 

12.2 

14.0 

15.5 

16.  5 

17.  1 

17.  1 

16.5 

15.5 
14.0 
12.2 

9.8 

7.3 

4.3 

1.6 


UAR** 

(Inches) 


4 

6 

14 

26 

31 

25 

34 

61 

46 

37 


Deposition 
Concentration 

(nc/ial  /in.  ltAR)_ 
1.47 
1.47 
1.47 
1.47 
1.47 
1.  47 
0.95 
0.  54 
0.  19 

0.22 

0.23 


Deposit 

(akegscurles) 


0.009 
0.038 
0.  150 
0.375 
0.  556 
0.  576 
0.378 
0.303 
0.  198 


0.  173 
0.  140 


0.  161 

26 

0.40 

31 

).39 

0.  169 

0.  209 

44 

0.39 

38 

0.39 

0.  145 

16 

0.39 

0.046 

3 

0.39 

0.005 

1 

0.39 

0.001 

3.63  MC 


*  Calculated  from  soil 

•  •  Meai.  Annual  Rainfall  fro.  MdUer. 
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<  Dili  on  t  rat  1  uns  In  aroua  of  lou  rainfall  arc  propoi't  1  onatc  ly  lil,;hor  tlian  those  of 
hi  ;nor  ralnlall.  Ki  furo  57  shows  tills  relation  for  the  30‘’  N  to  bO^  N  latitude 


band  for  soil  and  rainfall  up  to  mid- 1958  and  mid- 1959,  The  deflclencv  desi  riled 
above  may  be  oven  nine  by  usln.;  plots  like  those  shown  In  FI, jure  57  for  various 
latitude  bands  to  obtain  f^  direitly.  This  Is  done  by  usin,;  the  Intercept  on  the 
curve  corri'Sixiiulln^  to  the  value  of  p^  for  that  latitude*  band.  Walton  has  shown 
that  tills  correction  will  iiurease  tiie  soil  Inventory  for  1  July  1959  from  3 .  ti 
mo,;acuries  to  1.3  me;acurios. 

Alexander  ^ ^  nas  used  a  dlffi*rent  approach  to  obtain  the  Inventory.  H' s 
method  is  to  plot  tlie  total  concentration  In  mc/ml"'^  observed  In  a  soil  sample 
directly  upon  an  equal  ai'ea  projection  of  the  globe  which  contains  c  1  imato  lo,;  1  c  a  1 
rainfall  contours.  Ldnes  of  equal  <oncentratlon  are  tiien  drawti  amon,;  the  plott**d 
points  usln;  tlie  rainfall  ccintours  and  plots  such  as  those  shown  In  Fifure*  57  as 
,'uldes  to  interpolation,  Alexander's  result  for  mid-  1959  Is  shown  In  FI  fure  58.  The 
total  inventory  obtained  by  lnte.;ratin;  the  Isollnes  with  a  planineter  is  -I,  1 
me^acurles.  This  compares  well  witn  Waltt)n's  result.  One  possible  source  of 
systematic  error  which  the  svii  1  data  are  subject  to  Is  iticomplete  recovery  of 
strontium-90  In  the  radiochemical  procc*ssit  ..  Alexander  has  slu-)wn  tiiat  as  much  as 
16%  of  the  strontiuin-90  may  be  overlooked  iti  the  soil  sample's.  By  far,  the  ifrc'atest 
uncertainties,  liowever,  are  the  ijnoujit  and  distribution  of  prec  1  pi  t  at  1  on  over  tne 
„'lobe  since  1953,  and  tlie  quantities  c.)f  lallout  in  Lne  ciceans.  Llmitc'd  ev  1  deuce  ^ 

indicates  tliat  tne  s|x.'c  liic  activity  of  strontlun-90  In  rainfall  over  the  oceans  is 


p;reatei  tnrai  cjvct  tin*  inland  re,;icpns  where  most  of  the  soil  collections  are  made.  In 


addl  tloti , 


dry  fallout  which  nas  amountc*d  to  15%  of  the  total  in  some 


(17 , 10  1) 

areas 


will  distcjrt  some  of  the  analytical  cerr»,'ct  Ions  whlc-h  are  made  on  the  basis  of  rainfall. 


170 


•  *3t  OC«>OSiTrfX  COI«tNT»ATKX«  or  Sf  M  SOlLS(<nc/<t>.  An  MAA)  IM  OCPOSlTlON  OONCCNTIIAriaNS  OF  Sr*”  IN  SOL  <inc/ini*/*nch  M.  *.  NJ 
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The  overall  error  in  tiie  soil  Inventories  calculated  above  may  be  as  mucn  as  1 
mejacurie. 

Aiiotiier  somewhat  independent  source  of  data  for  computing  the  surface  burden 
of  strontium-90  is  that  provided  by  measurinj  concentrations  of  tiiis  nuclide  in 
rainfall.  Te le^adas ^ has  calculated  quarterly  Increments  by  two  methods.  One 
calculation  is  made  by  summing  the  product  of  the  averai'e  deposition  in  mc/mi^  at  a 
number  of  stations  in  any  one  latitude  band  times  tne  area  of  the  latitude  band. 
Aiiother  calculation  is  made  in  a  similar  manner  except  the  avera^^e  deposition  is 
corrected  to  the  amount  which  mi^ht  be  expected  if  each  station  were  to  experience 
tne  c limatolojical  mean  rainfall.  Usin^  a  similar  approach,  Walton^^®^^  has 
calculated  the  values  of  based  on  rainfall  for  each  quarter  since  1953.  These 
values  are  shown  in  Table  XIX.  Immediately  evident  in  this  table  are  the  differences 
between  the  Northern  and  Soutnern  hemispheres  and  the  spring  (second  quarter)  peak 
in  the  Northern  hemisphere.  In  the  Southern  hemisphere  the  "sprint;"  peak  appears 
to  be  more  of  a  "late  winter"  (third  quarter)  peak.  Usln;j  these  figures  and 
applying  them  against  expression  (18)  above,  Walton  calculates  the  sum  of  the 
quarterly  global  increments  to  be  3.89  megacuries  on  1  July  1959.  If  each  quarter 
is  subjected  to  radioactive  decay  (2^%  per  annum)  then  the  Inventory  on  1  July  1959 
reduces  to  about  3.6  aegacuries  which  is  essentially  the  same  as  the  soil  Inventory 
of  3.63  megacuries  calculated  under  the  same  premises.  At  the  bottom  of  Table  XIX 
is  a  calculation  of  the  "rainfall"  burden  of  strontiuB»-90  at  the  end  of  each  year 
from  1954  to  1959.  The  method  of  calculation  used  is  that  described  above.  In 
addition,  a  somewhat  arbitrary  increase  of  15%  is  added  to  each  annual  total  to 
account  for  the  negative  correlation  between  f^  and  which  was  noted  in  the 
inventory  calculations  based  on  soil  data.  It  should  be  pointed  out  that  the  same 
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TABL£  XIX 


90  2 

Idealized  Concentrations  (cc  Sr  /ml  /inch)  of  Strontiara-90  In  Precipitation  for  the 


Period  1951  - 

1959 

Quarter 

South 

Latitude 

North 

Latl tude 

90-30 

30-20 

20-10 

10-0 

0-lC 

10-20 

20-30 

30-90 

195  1 

1 

0.03 

0.01 

0.01 

0.01 

0.01 

0.02 

0.06 

0.  11 

2 

0.03 

0.01 

0.01 

0.01 

0.01 

0.03 

0.  11 

0.16 

3 

0.05 

0.03 

0.01 

0.01 

0.01 

0.03 

0.06 

0.09 

1 

0.05 

0.03 

0.02 

0.02 

0.02 

0.03 

0.08 

0.  10 

1955 

1 

0.06 

0.02 

0.02 

0.02 

0.02 

0.0  1 

0.  13 

0.23 

2 

0.06 

0.06 

0.02 

0.02 

0.03 

0.09 

0.21 

0.36 

3 

0.07 

0.  12 

0.03 

0.03 

0.03 

0.07 

0.  16 

0.2  1 

1 

0.07 

0.  12 

0.01 

0.01 

0.02 

0.0  1 

0.08 

0.  10 

1956 

1 

0.07 

0.03 

0.02 

0.02 

0.02 

0.06 

0.  19 

0.33 

2 

0.07 

0.06 

0.02 

0.02 

0.03 

0.12 

0.32 

0.  17 

3 

0.09 

0.06 

0.02 

0.02 

0.03 

0.05 

0.  12 

0.  18 

1 

0.09 

0.05 

0.02 

0.02 

0.03 

0.06 

0.11 

0.  19 

1957 

1 

0.09 

0.02 

0.02 

0.02 

0.02 

0.05 

0.  1  1 

0.2  1 

2 

0.09 

0.0  1 

0.03 

0.03 

0.03 

O.OK 

0.20 

0.30 

3 

0.06 

0.06 

0.03 

0.03 

0.02 

0.05 

0.  13 

0.20 

1 

0.09 

0 . 06 

0.03 

0.03 

0.02 

0.05 

0.  12 

0.  16 

1958 

1 

0.07 

0.02 

0.02 

0.02 

0.02 

0.05 

0.  IK 

0.25 

2 

0.0  1 

0.01 

0.03 

0.03 

0.03 

0.09 

0.28 

0.58 

3 

0.07 

0.  10 

0.03 

0.03 

0.03 

0.07 

0.16 

0.30 

1 

0.  1  1 

0.  10 

0.03 

0.03 

0.03 

0.07 

0.  16 

0.35 

1959 

1 

0.11 

0.08 

0.03 

O.OH 

0.  16 

0.57 

0.62 

0.82 

2 

0.09 

0.  10 

0.09 

0.0  1 

0.03 

0.26 

0.33 

.21 

3 

0.07 

0.  10 

0.0  1 

0.0  1 

0.03 

0.05 

0.  1  1 

0.2  1 

1 

0.  1  1 

0.08 

0.02 

0.05 

0.01 

0.0  1 

0.  10 

0.  10 

Year 

End  Global 

Surf  ace 

I nventory  * 

(Megacurles 

of  St  ront  1  uin-90) 

195  « 

1955 

1956 

1957 

195H 

1959 

0.  37 

1 .06 

1.81 

2.11 

3 . 3  1 

1.85 

*Based  on 

sununat  1  on 

of  above 

data  uslnt: 

Mol lers 

MAR  with  a  15%  Increase  due  to 

negat 1 ve 

correlation  between 

fj  anil  Pj 

(from  soil  data) 

dlffli  ultles  In  analytical  treatment  and  the  same  sources  of  error  that  apply  to 
"soil"  Inventories  apply  equally  to  "rainfall"  Inventories.  Soil  sampling?  has  the 
advantage  that  correction  for  decay  Is  unnecessary  and  furthermore,  if  weathering  Is 
negligible  over  a  period  of  several  years,  It  makes  llLtle  difference  when  the  samples 
are  collected.  Rainfall  samples  are  not  as  subject  to  radiochemical  loss  as  are  soil 
samples,  but  they  only  provide  Increments  for  the  periods  In  which  continuous 
collections  are  made. 

Material  Balance  of  Strontlum-90 

An  estimate  of  the  material  balance  of  strontlum-90  can  be  made  from  the  above 
data.  Based  on  reasonable  climatological  and  soil  data,  Walton's  best  estimate  of 
the  surface  burden  on  1  July  1959  Is  about  t.3  megacuries.  When  added  to  the 
atmospheric  burden  estimated  In  Chapter  V  of  about  1.3  megacuries  in  mld-1959  we  note 
that  a  total  of  about  5.6  megacuries  Is  distributed  world-wide  on  1  July  1959.  If 
this  strontlum-90  had  not  been  subject  to  radioactive  decay  since  Its  formation.  It 
would  have  totaled  5,9  megacuries  (5%  or  2  years  average  decay).  This  compares 
favorably  with  previous  estimates  by  Glasstone^^^^  k.  -tell^^^^  and  Llbby^  of  the 
net  stratospheric  Injection  of  5.9,  6,2  and  6.5  mcgacurles  respectively.  The 
renainder  of  the  9,2  mcgacurles  originally  produced  has  apparently  descended  In 
local  and  tropospheric  fal  lout  into  areas  away  from  sampling  network  stations.  About 
0.1  megacurle  descended  In  local  and  tropospheric  fallout  from  the  Nevada  Test  Site 
(See  below).  As  a  consequence  soli  and  rainfall  samples  Immediately  downwind  of 
Nevada  were  not  used  tj  determine  the  average  latitude  concentrations.  It  may  be  that 
some  of  the  high  specific  values  noted  In  Canada,  Alaska  and  Northern  Europe  are 
from  tropospheric  fallout  from  the  Soviet  teat  sites  and  bias  the  surface  Inventory 
slightly  If  only  the  stratospheric  component  of  the  surface  Inventory  la  being 
sought . 
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Figure  52  In  the  previous  chapter  shoved  that  by  late  1961  the  total  surface 
Inventory  was  expected  to  reach  a  naxlnta  of  about  5  negacurles.  Ihls  situation 
would  prevail  when  the  rate  of  decay  of  the  total  strootluB-90  on  the  ground  Just 
equalled  the  rate  of  fallout  froe  the  stratosphere.  Figure  59  shows  the  estlaated 
average  latitudinal  distribution  on  the  surface  when  this  occurs.  Mean  annual 
rainfall  for  each  10^  latitude  band  Is  also  shown. 

Tropospheric  Fallout  froe  Nevada 

A  substantial  fraction  of  the  fallout  experienced  In  the  Plains  States  in  the 

U.  8.  Is  free  tropospheric  fallout  froe  the  Nevada  Teat  Site.  As  a  consequence 

one  cannot  use  the  values  of  Sr-90  in  soil  and  rainfall  In  these  areas  to  calculate 

world-wide  fallout  as  they  will  tend  to  bias  the  calculation  In  the  30*^  N  to  50^  N 

latitude  band.  An  estlnate  of  the  fraction  of  the  fallout  froe  Nevada  which  has 

fallen  on  the  U.  8.  can  be  obtained  by  reversing  the  world-wide  fallout  caloulatlon, 
(87) 

however.  Walton  has  predicted  the  world-wide  fallout  to  be  expected  In  the  U.  8. 

by  using  Figure  57  and  the  known  rainfall  at  various  stations  In  the  U.  8.  since  1953. 

By  subtracting  these  values  froai  the  observed  soil  values  an  "excess'*  at  each 

station  can  be  deteralned.  Figure  60  shows  these  excesses  at  a  nunber  of  stations. 

Isollnes  have  been  drawn  through  the  points  down  to  10  nc/nl^.  A  large  "hot  spot" 

centered  on  Nevada  Is  Innedlately  evident.  Integration  around  the  contours  down 
2 

to  the  -flO  nc/nl  Isoline  produces  an  Inventory  of  40.9  kllocurles  or  about  40%  of 
the  total  strontlUB-90  produced  from  the  970  kllotons  of  fission  products  released 
In  Nevada.  Usually  firing  of  the  tests  in  Nevada  occurred  when  the  upper  wind 
trajectories  were  to  the  northeast.  Consequently,  noat  of  the  renainlng  fraction 
of  the  Nevada  fallout  apparently  has  descended  over  Canada  and  the  Atlantic  Ocean 
outside  of  soil  saapllng  locations,  although  same  undoubtedly  appeared  In  local 
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fallout  within  tha  tost  site.  It  can  be  teen  that  the  "excesa"  east  of  the 
Mlaslaalppi  River  is  about  -10  This  reflects  the  fact  that  precipitation 

in  this  area  usually  cosws  frost  narltlae  air  froa  the  Oulf  of  Mexico.  Consequently, 
little  Nevada  fallout  appears  here,  and  the  amount  that  does  appear  is  proportionately 
somewhat  depleted  of  strontium-90  when  compared  to  the  rest  of  the  30°  N  to  50°  N 
latitude  band. 

HASP  Soil  Studies 

Prom  the  point  of  view  of  the  external  radiological  health  hazard  it  is 
important  to  know  the  deposition  and  distribution  in  soils  of  the  Kamma  emitting 
nuclides  such  as  cesium-137.  Such  information  has  f^enerally  been  inferred  from 
the  strontium-90  deposits  and  the  theoretical  production  ratios  of  the  gamma  active 
nuclides  to  strontlum-90  in  the  fission  process.  Although  this  approach  is  reason¬ 
ably  satisfactory  when  only  the  total  amount  of  deposited  radioactivity  is  required, 
it  is  obviously  of  littlo  use  when  the  vertical  distribution  of  the  gamma  activity 
is  the  unknown  factor.  Such  information  cannot,  of  course,  be  deduced  immediately 
from  the  vertical  distribution  of  8trontlum-90  within  soils  because  of  the 
different  chemical  properties  of  strontium  and  the  other  nuclides.  In  the  case 
of  cesium- 137  an  activity  production  ratio  of  Cs"  /Sr  of  1.8  can  be  assumed 
and  thus  the  total  cesium- 137  deposit  within  the  soils  can  be  calculated  by 
multiplication  of  the  strontlum-90  deposit  by  the  above  ratio.  However,  because 
of  the  greater  adsorption  of  cesium- 137  on  clay  minerals  compared  to  strontlum-90 
it  is  expected  that  the  cesium- 137  will  tend  to  be  more  concentrated  in  the  upper 
layers  of  the  soils  than  the  strontlum-90.  The  exact  distribution  of  cesium- 137 
with  depth  in  soils  can  only  be  determined,  therefore,  by  direct  radiochemical 
or  gamsia  spectroscopic  analyses. 

One  of  the  objectives  of  the  HASP  program  has  been  to  define  at  least  some 
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of  th«  factors  rssponslbls  for  ths  distribution  of  radioactivity  In  soils.  Within 
Mow  Jsrsay  thsrs  sxlsts  a  wld#  rangs  of  soli  typss  covorlng  arsaa  of  sxcsllsnt  and 
poor  dralnafs,  high  and  low  pomsablllty.  high  and  low  organic  content,  and  of 
couras,  dlsturbsd  and  undlsturbsd  altos.  The  undisturbed  sites  are  those  which 
have  been  subject  only  to  natural  processes  during  vhe  past  10  years  or  so  since 
radioactive  fallout  from  nuclear  weapons  testing  becaae  appreciable.  For  these 
reasons  several  soil  sanples  were  collected  In  New  Jersey  during  the  suaser  of 
1960.  In  addition  a  few  aaaiples  were  collected  In  the  state  of  Kansas,  an  area 
of  contrasting  najor  soil  classification.  Sanples  were  collected  In  the  above 
areas  with  a  specially  designed  coring  device  which  was  basically  a  steel 
cylinder  with  1/4  Inch  wall  thickness,  two  feet  long  and  one  foot  In  dlaneter.  The 
soils  were  then  returned  to  the  laboratory  where  they  were  renoved  fron  the  corer 
by  an  extrusion  process,  crushed,  ground,  and  blended.  Aliquots  fron  several 
depths  In  the  core  were  then  separated  for  radlochenlcal  analysis. 

Concentrations  of  strontlua-90,  nithenlun-106,  ceslun*137  and  cerlun-ldl  in 
New  Jersey  soils  were  detemlned  as  a  function  of  depth  In  the  soil  cores.  For  all 
four  nuclides  there  was  a  sharp  decrease  In  concentration  with  depth.  In  general 
the  concentrations  dropped  by  nore  than  one  order  of  nagnltude  In  the  first  6000  to 
7000  grans  of  soil,  which  Is  equivalent  to  a  depth  In  nost  soils  of  about  6  Inches. 

The  study  showed  that,  as  expected,  strontlun-90  penetrates  to  further  depths  In  the 
soil  and  Is  nore  mobile  than  ceslun-137.  Direct  conperlson  of  these  two  nuclides  with 
the  renalnlng  two  nuclides,  ruthenlun-106  and  cerlun-144.  Is  complicated  by  the 
fact  that  the  latter  two  possess  nuch  shorter  radioactive  half-lives  (>-1  year)  than 
the  former  pair  years).  It  Is  difficult  to  correct  the  observed  concentrations 

of  the  short-lived  nuclides  at  a  given  depth  In  soil  because  the  age  of  the 
material  at  any  point  cannot  be  assessed  accurately.  However,  because  of  the 
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clo««iiMS  of  th«  half'll VM  of  oorluB'144  (285  days)  and  ruthanlini'lOS  (1  yaar) 
aoaa  lnfoz«ation  on  tha  novaaant  of  activity  can  ba  obtalnad  froa  a  coaparlaon 
of  tha  babavlor  of  tha  two  nuclldaa  Tha  ralatlva  profllaa  of  nithanlun-106  and 
carlUB-144  Indlcata  hlghar  concant rations  of  oarlUB-144  at  tha  top  of  tha  soil 
cora  and  a  nora  rapid  dacraaaa  In  concantratlon  than  nithanluB-106  for  the  first  1000  g. 
Bayond  this  dapth,  howavar,  It  Is  notlcaabla  that  tha  ruthapliai-106  concant  rat  Ions 
contlnua  to  fall  quits  rapidly  aharaas  tha  carlua-144  rasults  tand  to  show  a 
dlnlniahad  rata  of  dacraaaa. 

Tabla  XX  glvas  tha  avaraga  dapoalts  of  tha  four  ratloactlva  nuclldas  strontlun-BO, 
ruthanluB-106,  caslua-137  and  carlun-144  In  Haw  Jarsay  soils.  The  dapth  at  which 
100  parcant  of  tha  total  aaount  of  fallout  radioactivity  was  assunad  to  ba  prasent 
was  14,000  grans  of  dry  soil.  With  tha  posslbla  axceptlon  of  carlua-144,  It 
appears  from  this  tabla,  that  tha  assumption  of  100  parcant  of  tha  activity  balng 
prasant  In  tha  first  14,000  grans  of  dry  soil  (~12  Inches)  Is  Justified.  Iha  table 
also  shows  that  tha  ratio  of  caslun-137/strontlun-90  In  tha  cumulative  deposits  to  a 
dapth  of  14,000  g  (<^2  Inches)  Is  2.1  ^  0.8  which  Is  In  accord  with  an  Initial 
activity  ratio  of  1.82  for  tha  fast  fission  of  uraniua-238  and  a  value  of  1.8  +  0.5 
datamlnad  from  tha  analyses  of  air  filter  samples  collected  in  the  HA5P  program. 

Other  analyses  of  soils  for  caslum-137  by  Gustafson*  have  bean  performed.  Combined 
with  tha  strontlun-90  raaults,  whl<±  were  dateiclned  by  HA8L,  Gustafson  obtained 
an  avaraga  value  for  the  ceslua-137/strontlun-90  ratio  down  to  s  depth  of  6  Inches 
of  1.62  4-  0.34.  Also  Gustafson  recently  reported  that  the  cesiuo-137  concentration 
In  soil  near  Argonne  at  the  end  of  1959  was  approximately  200  mc/ml"  compared  to  an 
average  deposition  In  New  Jersey  of  155  mc/ml  .  The  ratios  of  the  cumulative  deposits 

*Gustafson,  P.  F.  ,  Science  130,  1404  (1959) 
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of  other  nuclides  to  stroiitiuB-90  in  Ne«  Jersey  soils  ere  also  given  In  Table  XX. 
Although  these  results  agree  quite  well  with  predicted  ratios,  there  are  som  large 
discrepancies  between  these  results  and  those  of  Gustafson  Is  soil  analyses  at 
Argonne.  The  results  predicted  froa  Gustafson's  data  are  factors  ''f  3.5  and  2.5 
higher  than  these  data  for  ruthenium  -106  and  cerlUB-144  respectively.  A  more 
complete  discussion  of  this  study  Is  contained  In  Part  Ill  of  the  final  HASP 
Report  (OASA  1300). 

In  susmary  the  following  conclusions  may  be  drawn  regarding  the  deposition  of 
strontlun-90,  ruthenlum-106,  ceslua-137  and  cerlua-144  In  New  Jersey  soils. 

1.  The  average  deposits  of  the  above  four  nuclides  In  New  Jersey  were  about 

2 

75,160,155  and  295  ac/mi  respectively  on  1  July  1960.  These  values  are  In  agree¬ 
ment  with  results  for  this  area  predicted  on  the  basis  of  results  of  fission  pro¬ 
duct  deteralnatlors  In  precipitation  and  ground-level  air. 

2.  Some  discrepancies  are  observed  between  the  concentrations  of  the  short  lived 
fission  products  ruthenlua-106  and  cerluB)-ll4  in  the  New  Jersey  and  Chicago  areas. 

3.  The  average  deviation  of  the  cumulative  deposits  In  New  Jersey  calculated  from 
the  results  of  analyses  of  11  cores.  Is  about  15  percent  for  strontluffl-90, 
ruthenlun-106  and  cerlum-144.  Ceslun-137  results  reflect  a  higher  deviation  of 
about  27  percent.  With  the  exception  of  one  soil  the  aaxlmua  and  nlnlaum  cumula¬ 
tive  activities  did  not  differ  by  more  than  a  factor  of  three  of  each  other  for 
all  nuclides  and  all  soils. 

4.  Vertical  profiles  of  radioactivity  within  soils  vary  considerably  and  can  be 
correlated  with  certain  physical  parameters.  Permeability  and  drainage  characteristics 
of  the  soli  and  underlying  strata,  appear  to  have  profound  influences  on  the  distri¬ 
bution  of  radioactivity  with  depth. 
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5.  In  th«  "nvnrac*"  Jtrnny  noil  In  IMO  about  55  pnreont  of  tho  total  dopoolt 

of  atrontluB*90  is  contalnad  in  tbo  top  2  InehM,  about  79  parcont  in  tho  top  4  incboa 
and  about  96  parcent  in  tha  top  9  iachaa.  Tbaaa  valuaa  contrast  quita  sharply  with 
Blnilar  data  obsarvad  by  Schulart  at  al  for  soils  collactad  in  tha  saaa  panaral  araa 
in  1958. 

6.  As  axpactad  strootiua-90  appears  to  have  panatratad  to  greater  depths  in  tha 
soils,  on  tha  average,  than  tha  other  oosiparabla  long-lived  nuclide  caaiun-137. 

Because  of  the  difficulties  involved  in  correcting  tha  obsarvad  activities  of 
ceriun-144  and  xuthaniuB-106  for  radioactive  decay  tha  relative  Mobilities  of  tha 
nuclides  are  soaawhat  obscured.  Navarthalass,  while  rutheniuM-106  shows  relatively 
nore  penetration  in  the  tops  of  the  cores  than  cerlua-144  the  profile  is  unoxplainably 
reversed  at  greater  depths. 

7.  Free  the  radiological  hazard  point  of  view  the  coebined  activities  of  the 
three  gaaaa-enitting  nuclides  yield  a  dose  rate  on  1  July  1960  which  is  less  than 

3  percent  of  the  external  dose  rate  raooasended  by  the  lICBP  for  the  general  populace. 
Ihis  level  of  activity  will,  of  course,  decrease  rather  rapidly  with  tine  as  the 
radioactivity  decays  (See  Chapter  XI). 
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Introduction 

Tho  ultlMto  goal  of  all  fallout  studlaa  la  to  asaist  in  tha  anaassnant  of  tha 
biological  haxard  froa  fallout,  paat,  praaant  or  futura.  Hia  HASP  prograa  haa 
contributad  conaldarabla  knoaladga  which  aagr  ba  uaad  in  thla  taak.  Thia  includaa: 
a  aaaaura  of  tha  aaount  of  varloua  radionuclidaa  aval  labia  for  avantual  dapoaition 
on  tha  ground  with  aubaaquant  biological  axpoaura,  rataa  of  dapartura  of  atratoapharic 
dabria  injactad  undar  varying  aataoro logical  and  burat  conditiona,  and  avantual 
location  of  thia  aatarial  on  tha  aurfaca  of  tha  aarth  and  in  tha  bioaphara. 

In  attaapting  to  datanalna  tha  affact  of  thaaa  fallout  aatariala  on  nan,  a 
nuabar  of  difficultiaa  and  uncartaintiaa  hava  arlaan.  Aa  wa  hava  aaan  in  pravloua 
ehaptara,  thara  ara  uncartaintiaa  in  tha  aataoro  logical  or  phyaical  aapacta  of 
diatribution  of  tha  radionuclidaa  upon  tha  aurfaca  of  tha  aarth.  Howavar,  tha 
phyaical  aapacta  can  ba  aaid  to  ba  "wall  known”  whan  coaparad  to  tha  problaaa  Inharant 
in  datarmlnlng  auch  thinga  aa  foil  waatbaring,  plant  uptaka,  nuclida  dlacriainatlon 
factora  in  tha  food  chain,  ahialding  from  axtamal  axpoaura,  calculation  of  affactiva 
doaa  rataa  to  varloua  organa,  and  ao  on.  Parhapa  tha  graataat  uncartainty  liaa 
in  tha  araa  of  biological  raaponaa  aa  a  function  of  varying  iypaa  and  rataa  of  ax¬ 
poaura  to  tha  ioniairig  radiation  froa  varloua  nuciidaa  (including  diaruptiva  racoll 
of  alaaantn  auch  aa  carbon- 14).  Tha  raaaon  for  thia  lattar  unknown  ia  that  thara 
hava  not  baan,  nor  ia  it  llkaly  that  thara  avar  will  ba,  any  individual  caaualtiaa 
claarly  attrlbutabla  to  tha  low  lavala  of  radiation  which  world-wlda  fallout  haa 
produced  to  data.  Tha  only  hopa  of  uncovering  doaa-affact  ralatlonahipa  for  thaaa 
levels  liaa  in:  axtanaiva  apidaaiological  atatlatical  studies,  extrapolations  froa 
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hlglMr  doMS  and  doaa  irataa,  and  axtrapolatlona  to  nan  froai  lowor  anlaala  and  plants. 
Factors  Aff acting  Radiation  Barnard 

In  ordsr  to  ovaiuats  ths  ion^-tara  rssidual  radiation  hasard  froa  world*wids 
fallout,  a  nuabsr  of  coaplss  and  Intsrrslatsd  concepts  aust  bs  dealt  with.  First 
the  type  of  exposure  which  aay  occur  aust  be  considered.  This  night  include  exposure 
fron  externally  or  internally  located  elenenta  giving  radiation  doses  either  to  the 
whole  body  or  specific  organs  or  localized  regions  of  the  body.  Second  the  type  of 
response  the  body  aakes  to  whatever  kind  of  exposure  it  nay  receive  aust  be  considered. 
This  night  Include  genetic  effects  or  sonatlc  effects  such  as  disease  or  accelerated 
aging.  Third  the  types  of  radios lesients  present  in  the  fallout  aaterial  which  could 
produce  sons  specific  response  aust  be  considered.  Such  factors  as  the  abundance, 
type  of  radiation  ealtted,  chenical  nature,  and  aethod  of  reaching  the  organ  to  be 
exposed  aust  be  dealt  with.  Finally  sons  yardstick  aust  be  established  to  asasure 

of  exposure  and  aaounts  of  response  to  that  exposure.  After  these  steps 
have  been  taken  the  relative  iaportance  of  various  radionuclides,  as  far  as  hasard 
is  concerned,  can  be  established. 

While  the  saount  of  response  the  huaan  body  aakes  to  the  low  levels  of  radiation 
encountered  so  far  froa  fallout  is  only  vaguely  known,  nature  has  provided  a  yard¬ 
stick  of  sorts  in  the  fom  of  natural  background  radiation.  Since  aankind  has 
developed  in  the  presence  of  this  soadwhat  fluctuating  background  ^hlch  itself  nay 
have  been  a  large  contributing  factor  in  the  evolution  of  the  species  found  on  earth 
today,  we  night  assuas  that  doses  which  are  saall  conpared  to  this  background  will 
not  generally  be  hamful.  This  is  the  kind  of  value  Judgaent  which  aust  be  aade 
cautiously,  however. 
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Bxpomirva  to  radiation  can  ba  brokan  into  tvo  baalc  catacoriaa:  tboaa  that 
originata  froa  aatarial  takan  into  tha  bot'or  and  thoaa  that  oricinata  froa  aatarial 
outaida  tha  body.  In  aithar  eaaa  axpoaura  to  tha  idiola  body  conaldarad  aa  a  aingla 
orfan  can  raault.  OaMa  radiation  outaida  tha  body  can  aaaily  panatrata  any  call 
in  tha  body  and  whan  abaorbad  can  produca  daauica.  Oaana  raya  aaittad  inaida  tha 
body  can  do  tha  aaaa  thine,  lata  raya  aalttad  by  aoaa  alaaanta  that  apraad  unlfomly 
through  tha  body  can  alao  produca  a  whola  body  doaa.  Soaa  apacific  organa  of  tha 
body  auch  aa  tha  gonada,  lana  of  tha  aya  or  bona  narrow  nay  ba  aapacially  auacaptabla 
to  radiation.  Critical  organ  doaaa  by  aatariala  which  prafarantially  concantrata  in 
thaaa  araaa  nay  ba  of  apacial  inportanca.  todina  ia  prafarantially  concantratad  in 
tha  thyroid  gland  whlla  atrontiun  and  calciun  ara  prafarantially  concantratad  in  tha 
bonaa. 

Any  biological  affact  produced  by  radiation  dapanda  on  tha  abaorption  of  anargy 
froai  the  radiation.  Ibr  nany  yaara  tha  roantgan  (r)  haa  baan  uaad  aa  a  naaaura  of 
n-and  gaHn»>ray  abaorption  in  body  tiaaua.  Concaptually,  tha  roantgan  ia  only  a 
■aaaura  of  tha  ability  of  jc-  or  gaanur-raya  to  produca  ioniaation  in  air  and  not  of 
tha  abaorption  of  thaaa  raya  in  tiaaua.  Mora  meant ly  tha  abaorbad  doao  of  any 
radiation  haa  baan  dafinad  aa  "tha  anargy  iapartad  to  aattar  by  ionialng  particlaa 
par  unit  naaa  of  irradiatad  aatarial  at  tha  place  of  intaraat.  "  Tha  unit  of  absorbed 
doaa  ia  tha  rad.  Por  aoat  r'^rposaa,  tha  nuabar  of  roantgana  can  ba  considamd  to  ba 
nuaarically  .-^ual  to  tha  nuabar  of  rads  in  aoft  tissue. 

The  sans  absorbed  dose  of  diffamnt  kinda  of  radiation  does  not,  in  general 
produca  tha  saaa  biological  affact.  Tba  diffamnt  kinds  of  radiation  have  a  different 
mlativa  biological  affactiranass  (IBI).  It  is  wall  known  that  tha  RBI  for  a 
particular  kind  of  radiation  nay  ba  highly  dependant  upon  such  factors  as  tha  specific 
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biological  offoct  uiuiar  consldoratlon,  tho  tlssuo  Irradiation,  tba  radiation  doso, 
and  tho  rato  at  which  it  ia  dolivorod.  Tho  IBl  doao  la  aqual  nuaorically  to  tho 
product  of  tho  dooo  in  rada  and  an  agrood  eonvontional  valuo  of  tho  rolativo 
biological  offoctivonoaa  (IBl).  Tho  unit  of  IBl  doao  ia  tho  roo,  conaidorod  to  bo 
that  doao  which  ia  biologically  oquivalont  to  ono  roontgon  of  x  or  gaaoa  radiation. 

Tor  oxaoplo,  ono  rad  of  noutrona  ia  eonvontional ly  conaidorod  to  bo  oquivalont  to 
10  roontgona  of  gaaoa  radiation,  and  thia  oquivalanco  la  oxproaaod  by  aaying  that 
tho  IBB  dooo  ia  10  roa.  Howovor,  it  haa  boon  found  oxporiaontally  that  tha  aaao 
IBB  doao  of  difforont  radiation  aourcoa  in  tho  bono  dooa  not  alwaya  produco  tho 
aaae  biological  offoct.  A  nuBorlcal  factor  callod  tho  rolativo  daaago  factor  la 
introducad  to  tako  car#  of  thia  difforonco.  Thua,  in  tho  caao  of  bono,  tho  biological 
offoct  ia  oqual  to  tho  product  of  thm  IBl  doao  and  tho  rolativo  daaago  factor. 

Moat  dolayod  of  facta,  in  nan,  aro  inforrod  froa  conaidoration  of  oxporiaontal 
knowlodga  in  aniwala,  froa  avallablo  opidoalologlcal  atatiatical  obaorvationa ,  and 
froa  a  llaltod  nuabor  of  aadical  caao  obaorvationa.  Dolayod  offoct^  boroin  conaidorod 
are  thoao  offecta  obaorvablo  at  aoao  tiaa  following  oxpoauro.  Tho  offocta  conaidorod 
are:  (1)  gonotlc  offecta;  (2)  aoaatic  effocta,  including  tho  appoarance  of  loukoala, 
akin  changea,  procanceroua  loaiona,  nooplaaaa,  cataracta,  changoa  in  the  life  apan, 
and  effocta  on  growth  and  developoent.  Tho  delayed  offecta  produced  by  lonlaing 
radiation  in  ac  individual  are  not  unique  to  radiation  and  aro  for  tho  ooat  part 
Indiatlnguiahablo  froai  thoao  pathological  conditions  which  are  noraally  preaent  in  tho 
population  and  which  oay  be  induced  by  other  cauaea. 

Biologically  Important  Wuclidea  in  Fallout 

Am  a  reault  of  conaidoration  of  the  above  factora  and  with  a  knowledge  of  the 
characteristica  of  the  producta  of  nuclear  detonationa,  it  ia  poaalblo  to  ellwlnate 


a  larg*  nuabar  of  nuclldoa  as  poaalbla  aourcoa  of  haaard  in  world-wldo  fallout. 

Tlwaa  ara  alaaanta  with  abort  half  llvaa,  low  production,  llttla  affinity  for  Incor¬ 
poration  Into  food  chain  or  tha  body,  or  waak  radlatlona.  Tha  fav  raaalnlng  nuclldaa 
that  appaar  to  account  for  tha  majority  of  tha  doaa  to  huaana  aay  ba  convanlantly 
grouped  Into  two  claaaaa,  thoaa  that  produea  who  la  body  radiation  and  thoaa  that 
produce  locallaad  radiation.  Tha  aajor  alngla  aourca  of  whole  body  radiation  appaara 
to  ba  froa  caalu^lST  dapoaltad  axtamally  on  tha  ground  and  Internally  froa  Ingeatlon 
through  tha  food  chain.  Tha  ahortar  lived  alaaanta  of  clrconluiie95,  ruthaniua-lOS  ,-106, 
and  cerium- 141,- 144  alao  contribute  a  algnlficant  amount  to  tha  external  c'oae.  All 
of  the  above  nuclldaa  emit  gaaaa  radiation.  Beta  radiation  froa  carbon-14  alao  aay 
contribute  to  tha  whole  body  doaa.  The  aajor  aourca  of  locallaad  radiation  la  that 
which  coawa  froa  atrontlun^M)  which  la  dapoaltad  In  tha  bonaa.  Another  Important 
aourca  of  locallaad  radiation  la  that  to  tha  thyroid  gland  from  Iodine- 13 1,-133. 

Since  Iodine- 131  haa  a  half  Ufa  of  only  eight  daya,  paat  axpoaura  to  thia  nuclide  baa 
bean  primarily  confined  to  tropoapharlc  fallout.  While  tha  largaat  doaa  rataa  to  a 
alngla  organ  (tha  thyroid)  of  people  in  tha  general  population  have  probably  raaultad 
froa  lodlna-131  In  tropoapharlc  fallout.  It  la  felt  that  It  doaa  not  rapraaant  aa 
great  a  world-wide  Laaard  aa  doaa  atrontlua-90.  Thia  la  bacauaa  tha  doaaa  have 
bean  tranalant  In  nature. 

A  number  of  aaapllng  natworka  have  bean  aatabllahed  for  tha  purpoaa  of  evaluating 
tha  aaounta  of  axpoaura  tha  general  population  has  bean  and  will  ba  aubjactad  to 
froa  fallout.  These  Include:  aaaauraaanta  in  air  and  rainwater  and  aoll  to  evaluate 
tha  amount  and  rata  of  accuaulatlon  on  tha  aurfaca  of  the  earth;  aaaauraaanta  In 
fooda  auch  aa  allk,  wheat  producta,  vagatablaa,  meat  etc.,  and  Beaauraaanta  In  people 
directly.  Coaparlaona  between  tha  aoll,  rain,  iowl  food  Baaaurc.nanta  provide  a 
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Mttaod  for  •valuatlnc  th*  Mchanlras  of  incorporation  Into  tho  food  chain.  Soil 
■aaauraaanta  alao  allow  calculation  of  th«  axtamal  gtmae.  doaa  to  bo  nado. 

Coaparlaona  of  concontratlons  In  pooplo  with  thoao  In  food,  ate. ,  prowldo  Infor¬ 
mation  on  dlacrlalnatlon  factors  and  tho  offsets  of  varying  dlota.  Continuing 
roports  of  data  colloctod  In  tho  various  notvorks  along  with  Intorprotivo  coononts 
■ay  bo  found  In  "Radiological  Hsalth  Data"  publlsbod  monthly  by  tho  U.  S.  ^bllc 
Hsalth  Sorvlco  and  tho  Haalth  and  Safoty  Laboratory  (HASL)  Roports  publlshod 
quartorl;/  by  tho  U.  S.  Atomic  Inorgy  Coamlaslon. 

Moasuronont  Standards 

A  groat  doal  of  effort  has  boon  oxpondod  in  rocont  yoars  to  oatabllsh  yardsticks 
which  can  bo  usod  to  ■sasuro  tho  amount  of  dangor  involvod  in  oxpoauro  to  tho  radiations 
from  various  isotopos.  Maximum  pormlsslblo  concontratlons  of  various  Isotopoa  in  tho 
onvlroamsnt  havo  boon  suggostod  by  tho  ICIP  and  NCRF.  Tho  torm  "maximum  pormlsslblo 
concontratlon"  la  momswhat  mlsloadlng  bocauao  it  may  auggoat  to  aoao  that  concontratlons 
bo  low  MFC  insure  immunity  from  dolotorious  offset  while  concontratlons  greater  than 
MFC  will  surely  cause  a  dolotorious  offset.  Ibis  Is  not  tho  case  and  both  organisations 
have  been  quick  to  point  this  out.  Recently  tho  Federal  Radiation  Coumcll  has  taken 
stops  to  establish  a  sot  of  Radiation  Frotoctlon  Ouldos  for  normal  poacotime 
operations.  Like  tho  MFC's,  they  are  based  primarily  on  background  radiation  levels 
supploBMntod  by  tho  sparse  data  which  exists  on  radlo-blologlcal,  doso-of facts 
relationships. 

The  natural  background  radiation  has  always  existed  and  actually  was  greater 
in  tho  past  than  It  is  today.  It  consists  of  two  parts,  that  of  terrestrial  origin 
and  that  of  extra-terrestrial  origin.  Ibe  latter,  known  as  cosmic  radiation  is 
variable  and  increases  with  latitude  and  altitude.  The  cos^c  radiation  besides 
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giving  dlract  doMS  also  producss  carbon-14  which  Is  itsslf  radloactlvs.  Ths 
background  radiation  of  tsrrsstrlal  origin  coass  froa  thoss  naturally  radloactlvs 
slsBsnts  found  in  rocks  and  ainsrals.  Tid>ls  XXI  shows  ths  avsrags  annual  doss  to 
various  organs  from  ths  natural  background  (asdical  and  fallout  dosss  ars  sxcludsd). 
Broadly  spsaking,  ths  background  doss  to  ths  body  liss  roughly  bstvssn  100  and  ISO 

■lllirsa/ysar  but  aay  riss  to  ssvsral  tlass  that  valus  in  soas  arsas.  Ths  Fsdsral 

Radiation  Council  has  sstabllshsd  a  Radiation  Protection  Quids  of  170  alllirsn  for 

yearly  whole-body  exposure  of  average  population  groups.  This  guide,  or  doss  which 

should  not  be  exceeded  without  careful  consideration  for  the  reasons  for  ths  ex¬ 
posure,  is  in  essential  agrssasnt  with  the  rsceaaendatlons  of  ths  MCRP,  ICRP,  and 
ths  Rational  Acadeay  of  Scisncs  population  genetic  doss  of  5  res  in  30  years  (ex¬ 
clusive  of  natural  radiation  and  asdical  x-ray  exposure). 


TABLX  XXI 

Natural  Background  Radiation 
(Mil Urea  per  Year) 


SOURCI 

SOFT  TISSVX 

LUNGS 

BONE 

BONX  MARJKTV 

Cosaic  Rays 

Sea  Level 

30 

30 

30 

30 

9,000  feet 

70 

70 

70 

70 

Terrestrial  Radiations 

50 

50 

50 

50 

Internal  Baltters 

K-40 

20 

20 

9 

9 

C-14 

2 

2 

2 

2 

Radon 

2 

100-1000 

2 

2 

Radius 

•  • 

40 
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Whol»  Body  Dof  (External  Sourc»«) 

Th*  whol*  body  dos«  froa  fallout  froa  past  nuclaar  tssts  Is  coapossd  of 

radiations  froa  sxtsmal  and  Intsmal  sourcas.  Ths  axtsmal  sxposura  ratss  froa 

gaaaa  ray  saltting  nuclldas  on  tbs  ground  havs  boan  raportad  by  a  nuabar  of  In- 

vastlgators.  Vennart  has  calculatad  that  tba  opan  flald  dosa  In  tha  UK  froa 

alxad  fission  products  raachad  a  pask  of  about  ona>half  tha  natural  background  In 

1B59.  Vohra^^^^^  calculatad  froa  rainfall  aaasuraaants  In  India  that  tha  9  aonth 

peak  In  fallout  batwaan  Octobar  1958  and  Juna  1959  would  produca  an  Infinity  axtamal 

gaama  radiation  dosa  of  about  60  allllraa.  Tha  Scandlnavi  u  aaasuraaants show 

an  Incraasa  of  about  20%  of  background  during  August  1958. 
f  108) 

Gustafson  has  raportad  axtanalva  rasults  froa  aaasuraaants  of  various 

nuclldas  In  soil  collactad  naar  Chicago.  Unshlaldad  (opan  flald)  aaasuraaants  taksn 
at  tha  collactlon  slta  In  April  1959  ahowad  a  dosa  rata  of  18  alcroraa  par  hour. 

Calculations  basad  on  radlochaalcal  analysis  of  tha  soil  and  axpactad  soil  shlaldlng 
showad  that  as  auch  as  8  alcroraa  par  hour  caas  froa  fallout  aatarlal.  As  a  chack, 
tha  natural  background  was  "calculatad"  to  ba  11  alcroraa  par  hour.  Tha  calculatad 
total  of  19  alcroraa  par  hour  chacks  wall  with  tha  total  of  18  alcroraa  par  hour 
aaasurad  ^  situ.  It  Is  raasonabla  to  axpact  that  a  shlaldlng  factor  of  5  can  ba 
appllad  to  tha  opan  flald  dosa  whan  calculating  avarac*  population  axposura  as 
Gustafson  has  dona.  Waatharlng  has  apparantly  not  baan  an  Isportant  factor  In 
raduclng  tha  axposura  to  accunulatlons  a  faw  yaars  old. 

A  falriy  slapla  calculation  can  ba  aada  using  Gustafson's  soil  aassuraBants  of 
caslu»-137  to  obtain  tha  axtarnal  opan  flald  dosa  froa  caslu»-137  and  tha  shortar- 
llvad  alaaants.  It  Is  raasonabla  to  assuaa  that  half  tha  casluB-137  which  fall 
naar  Chicago  during  tha  last  dacada  was  froa  U.  S.  tasts  with  a  naan  rasldanca  tine 
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of  about  500  daya  and  that  half  caaa  froa  Sovlat  taata  with  a  aaan  raaldanca  tlaa 
of  about  200  daya.  It  may  bo  further  aaauaed  that  there  la  little  fractionation 
between  nuclides,  that  their  radioactive  half  llvea  and  productlona  are  thoae  given 

9 

in  Chapter  VI,  that  the  specific  doaes  expreaaed  in  (■icroroa/hr)/(1000  mc/mi  )  are 
thoae  given  by  Guatafaon  and  that  the  ultimate  concentration  of  ca8lu»-137  on  the 
ground  will  be  220  mc/mi  .  The  calculation  of  the  open  field  30  year  exposure  dose 
near  Chicago  loads  to  the  results  shown  in  Table  XXII. 


TABLE  XXII 

30  Year  Open  Field  Dose  1955-1985  at  Argonne 

Total  Dose***’ 


Hue lide 

Mean  Life* 

Production 

Specific 

Dose 

US 

Debris 

Soviet 

Debris 

Zr-95 

94 

4.7% 

6.33 

35 

69 

Cs-137 

14,600 

5.4% 

2.56 

47 

49 

Ru-106 

530 

2.7% 

0.85 

9 

12 

Ru- 103 

58 

4.5% 

2.  10 

7 

IS 

Ce-144 

420 

3.3% 

0.  18 

2 

3 

Ce-141 

46 

4.3% 

0.22 

0 

1 

Total 

100 

+ 

149  > 

=  50  mr 
(shielded) 

*  In  days 

**  in  (■lcroreB/hr)/(1000  mc/mi^) 

***  in  ■llllrea 

The  fraction  of  any  one  nuclide  that  decays  prior  to  deposition  is  given  by 
the  expression; 

f  -  V<%  ♦  (1®) 

where  t  and  t  are,  respectively,  the  aeteoro logical  mean  residence  tlae  and 

■  r 
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the  radiological  aean  life.  It  can  be  aeen  that  the  Soviet  debris  contributes  about 
50%  more  dose  than  the  U.  S.  debris  due  to  Its  shorter  residence  time.  Assualnf  a 
shielding  factor  of  5,  It  la  noted  that  the  total  external  doae  from  ceslua-137  In 
30  years  Is  about  20  mllllrem  and  that  for  the  shorter  lived  elements  It  amounts  to 
about  30  allllrem.  During  1959,  cesium- 137  contributed  about  1  mllllrem  while  those 
of  shorter  life  contributed  about  20  allllrem  to  the  shielded  external  dose. 

Since  there  Is  considerable  variability  In  fallout  deposition  from  place  to 
place  In  any  one  latitude  band,  It  Is  difficult  to  assign  a  single  set  of  values 
for  the  representative  population  doses  to  be  expected  from  various  nuclides  In 
stratospheric  fallout.  Chicago  Ilea  sufficiently  far  from  the  Nevada  test  site  that 
It  Is  not  unduly  biased  by  tropospheric  fallout  from  this  source  and  use  of  the 
cumulative  cesium- 137  levels  In  this  vicinity  as  a  base  line  may  fairly  well  represent 
the  mid-continental  U.  S.  It  Is  noted  that  levels  of  Cs-137  In  Chicago  milk  have 
not  differed  markedly  from  the  national  average.  The  220  mc/ml  peak  concentration 
of  cesium- 137  assumed  to  exist  In  the  Chicago  area  appears  to  be  somewhat  higher 
than  the  average  peak  value  to  be  expected  In  the  30*^  N  to  SO^  N  latitude  band. 

Figure  59  shows  that  the  strontiun-90  peak  will  be  about  75  mc/ml^  which  suggests 
that  the  cesium- 137  peak  should  be  no  more  than  about  ISO  mc/ml Use  of  the  220 

9 

mc/ml‘  figure  may  then  represent  a  slight  overestimate  and  Is  therefore  conaervatlve. 
On  the  other  hand  we  have  assumed  that  the  Isotopes  with  a  half-life  of  leas  than 
two  weeks  have  decayed  completely  prior  to  deposition.  This,  of  course,  Is  not  the 
case,  especially  for  tropospheric  fallout. 

Whole  Body  Dose  (Internal  Sources) 

Ceslua-137  Is  a  source  of  internal  gamma  exposure  since  It  can  be  Incorporated 
*  ct  New  Jersey  Soil  data.  Chapter  X 
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Into  food  chains.  It  la  chamloally  sonawhat  like  potaaalua  and  conaequently  la 
diatrlb  ived  in  tha  auacla  tlaaua  of  tha  body.  A  niwbar  of  atudlea  have  been  Bade 
of  tha  concentratlona  of  cealu»-I37  in  food.  Walton haa  reviewed  theae  atudies 
and  finda  that  tha  aourca  of  abouc  one-half  the  ceaiuiD-137  Ingested  in  the  U.  S. 
coaaa  fro*  sUlk  alone.  In  addition,  he  notes  that  there  is  a  growing  body  of  evidence 
that  shows  that  past  concentrations  of  ceslusi-137  in  foods  and  consequently  in  people 
have  bean  aore  dependant  on  tha  rata  of  fallout  on  plants  used  for  huaan  or  dairy 
anisial  consuaption  than  on  tha  cuaulatlve  asKHints  in  the  soil.  This  apparently  Is 
due  to  tha  fact  that  larger  quantities  of  cesluar-137  are  deposited  on  the  leaves  of 
plants  than  are  incorporated  into  the  leaves  by  uptake  from  the  soil  through  the 
root  systaaa  of  tha  plants.  Burton^^^^  has  shown  that  only  about  20%  of  the 
strontlua-90  in  allk  in  tha  U.  K.  in  1958  caae  froa  tha  soil.  A  siallar  situation 
apparently  prevails  in  the  case  of  casiusi-137. 

Due  to  its  siallarity  to  potassiua,  aeasureaents  of  ceslu»-l37  in  the  biosphere 
are  usually  aade  in  taras  of  alcroalcrocurias  of  caslun-137  per  gran  of  potassium 
(tha  casiua  unit  or  C.  Uf).  The  expected  body  burden  in  C>  U.  and  the  resultant 
internal  dose  to  tha  general  population  can  be  calculated  froa  diet  concentrations. 

Tha  aquilibriua  body  burden  in  C.  U.  should  be  about  1.8  times  the  average  level  in 
the  diet.  Tha  dose  in  allllrea  par  year  is  nuswrically  about  one-fiftieth  the  body 
burden  in  C.  U.  The  aost  direct  way  of  asasuring  the  cesluB-137  body  burden,  how¬ 
ever,  is  through  tha  use  of  a  whole  body  counter.  Table  XXIII  shows  average  values 
of  casiua  units  measured  in  milk  and  in  individuals  in  the  U.  S.  along  with  the 
calculated  dose  since  1956*f 
*  also  known  as  the  susonshlne  unit 

**  cf.  Daarli,  J.  ,  et.  al.  ,  Radiocaeslum  and  Potassiua  in  Norwegians,  Nature,  191, 

436  (1961) 
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several  featuraa  can  be  seen  In  this  data.  First  there  was  a  gradual  Increase 
froa  1956  to  1958  as  the  soil  accuaulated  more  and  aore  ceslua  under  conditions  of 
constant  fallout  rate.  In  1959  the  fallout  rate  doubled  and  the  concentrations  In 
allk  and  In  people  also  Increased  aarkedly.  During  1960  when  the  fallout  rates  were 
dropping  rapidly,  the  allk  concentrations  started  dropping  but  the  concentrations  In 
people  lagged  behind.  ‘Hils  lag  aay  be  partially  duo  to  the  140  day  biological  half- 
life  of  the  cesium  and  partially  due  to  consualng  stored  food  which  was  grown  during 
a  period  of  high  fallout  rate.  By  late  1960  the  concentrations  In  people  started  to 
drop  off  rapidly.  If  the  early  1961  figure  represents  the  ultlaate  concentration 
due  to  reaoval  of  the  fallout ‘rate  factor,  then  the  30  year  cesium- 137  Internal  dose 
will  be  about  20  mil  Urea. 


TABLE  XXIII 

Internal  Doses  froa  Ceslua- 137 


Year 

Milk* 

People* 

Dose** 

1956 

24 

41 

0.8 

1957 

49 

44 

0.9 

1958 

57 

54 

1.  1 

1959 

74 

83 

1.7 

Early  1960 

38 

80 

1.6 

Late  1960 

1 

to 

o 

46 

0.9 

Early  1961 

~  10 

32 

0.6 

6  Mllllrea 

*  concentration  In  alcroaicrocurles  of  Cs-137/graa  X  (C.U.  ) 

**  dose  In  ail  Urea  per  year. 

Carbon- 14  Is  a  radloactlv  Isotope  of  carbon  which  occurs  In  nature  due  to 
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coMlc  ray  boabardMnt  of  nltrogan.  It  haa  a  half- Ufa  of  about  5760  yaara  and 
aalta  a  aaak  bata-ray.  Sinca  carbon  la  wldaly  dlatrlbutad  in  tha  body,  It  producaa 
Intamal  whola  body  radiation  and  accounta  for  about  ona  par  cant  of  tha  natural 
background  radiation  to  tha  body  (1.6  ur/yr).  Carbon- 14  ia  alao  producad  by  nautron 
boabardaant  of  nitrogan  in  tha  air  during  thw  couraa  of  a  nuclaai-  datonatlon. 

Racant  data  ahowa  that  tha  concantration  of  carbon- 14  in  tha  air  has  incraaaad  25  par 
cant  (aaa  Chaptar  VIX);  howavar,  tha  aauMint  which  will  ultlsataly  raaain  in  tha  air 
aftar  slxlng  with  tha  carbon  raaarvoir  of  tha  ocaana  will  ba  about  1%  of  that  pro¬ 
ducad  naturally.  Walton^^^^^  has  calculatad  that  boab-producad  carbon-14  will  than 
contributa  a  whola  body  dosa  of  about  6  ■llliraa  during  tha  naxt  30  yaars  and  about 
00  ailliraa  during  tha  naxt  8000  yaars.  Thasa  totals  show  that  conaidarad  ovar  tha 
naxt  faw  ganaratlons,  carbon- 14  is  consldarably  lasa  haaardous  than  casiu»-137;  but, 
if  tha  ganatlc  lapact  on  tha  naxt  200  ganaratlons  is  to  ba  conaidarad,  it  aay  ba 
coaiparabla  to  tha  total  dosa  racalvad  froa  oaslui^l37  and  tha  othar  axtamal  aalttara 
during  tha  naxt  two  ganaratlons. 

Singla  Organ  Posa 

lha  Most  significant  singla  isotopa  froa  flasion  products  in  world-wida  fallout 
which  can  produca  a  singla  organ  dosa  is  strontlua-90.  Sinca  it  is  chaalcally 
siallar  to  calciua,  it  can  ba  dapositad  in  tha  bonas  whara  It  has  a  long  biological 
half  Ufa.  Concantrations  in  tha  bonas  and  dlats  of  paopla  ara  oftan  axprassad  in 
nicroaicrocurias  of  Sr-OO/gras  of  calciusi.  Tills  is  tha  strontius  unit  or  S.  U.* 

Lika  casiui^l37,  a  aajor  source  of  sirontlu»-60  in  tha  typical  U.  S.  diat  is  sir.. 
Unllka  caslu»>137,  howavar,  biological  dlscrlainatlon  factors  tand  to  raduca  tha 
S.  U.  lava  Is  in  tha  plant  to  nan  food  chain.  During  1959  tha  avaraga  U.  S.  diat 
contalnad  about  15  S.  U.  ,  howavar  it  dropped  to  about  10  S.  U.  in  1960. 

*  also  known  as  tha  sunshine  unit 
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This  r«fl*cts  th«  d«p*nrt«nc«  of  food  loirols  upon  th*  rat*  of  fallout  factor  doacrlbed 
abov*.*  Walton^^^^^  has  abovn  that  th*  C.  U./S.  U.  ratio  in  U.  S.  milk  has  rsaalned 
at  about  6  to  1.  It  has  b*«n  •stlaated  that  a  constant  dl*t  l*v*l  of  about  200  S.  U. 
would  produc*  a  body  burdsn  of  ah-nit  50  S.  U.  which  In  turn  would  glv*  a  bon*  dos*  of 
about  190  uilllr*M  p*r  y*ar.  lulp^^^^^  has  aad*  an  *xt*i  alv*  study  of  tl.\*  concsn- 
tratlons  of  strontlu»-90  In  Ban.  His  study  shows  that  th*  s*gB*nt  of  th*  population 
with  th*  gr*at*st  bon*  conc*ntratlon  Is  chlldron  who  w*r*  on*  y*ar  old  In  1959.  tia 
*stlBat*s  that  thla  group  will  r*ach  an  avarag*  p*ak  concantratlon  of  less  th*  3  S.  U. 
and  than  will  gradually  drop  off  to  about  0.9  S.  U.  Oldar  segaants  of  th*  population 
will  raach  the  0  9  S.  U.  aqulllbrlua  l*v«l  soonar  and  adults  will  approach  this  level 
fro*  below  sine*  their  levels  today  are  about  0.5  S.  U.  Figure  61  shows  these 
concentrations  and  th*  estlaated  futur*  levels  In  the  concentration  for  three  age 
groups.  Butler  has  shown  that  Masureaents  Bade  It.  teeth  and  bones  In  the  U.  K. 

are  coBparabl*  to  those  reported  by  Kulp.  These  results  are  shown  In  Figure  62. 
Calculations  of  th*  cuaulatlve  dos*  In  the  on*  year  old  age  group  for  the  coBlng  years 
can  be  Bade  froB  the  projection  shown  In  Figure  61.  By  1985  a  total  dose  of  about  75 
BllllreB  will  iave  been  received  and  by  the  end  of  the  nonsal  life  span  It  will  be 
about  100  BllllreBS.  This  can  be  coBpared  with  a  Radiation  Protection  Guide  of  150 
BllllreB  per  year. 

Beside strontluB-90,  two  other  Isotopes  which  aay  produce  significant  single 
organ  doses  are  Iodine- 131  and  plutonluB.  As  we  have  aentloned  before,  Iodine  exposure 
coBss  alBOSt  exclusively  froB  tropospheric  fallout.  HeasureBents  of  Iodine- 131  in 
fallout  have  been  scanty  and  the  concentrations  in  people  and  the  subsequent  effect 
Is  not  well  docuaented.  Bven  though  soae  Bay  have  had  thyroid  dose  rates  higher  than 
In  any  other  organ,  the  exposure  has  been  transient  and  the  tot^l  dose  low  due  to  the 

•Se*  also  llenzel,  R.  G. ,  D.  L.  Myhre,  and  H.  Roberts,  Jr.,  Science  131,  559  (1961) 
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short  half  llf«  of  lodln«-131.  Horeovor,  th«r«  hss  boon  total  dabria  placad 

In  tropoapharlc  fallout  than  in  atratoapharlc  fallout,  and  tha  distribution  of 
tropospharlc  fallout  has  not  baan  as  axtanslva  as  that  of  stratospharic  fallout. 

For  tha  abova  raasons  it  is  fait  that  tha  hasard  associatad  with  iodlna-131  is 
consldarably  lass  than  that  of  strontlua-90. 

As  part  of  tha  HASP  prograa,  sevaral  aa asuraaants  of  plutonlua  in  human  and 
aninal  tissua  wara  aada.  Krsy^^^^  raports  that  activity  of  plutonlua  in  tha 
pulaonary  lynph  nodas  and  gonads  could  ba  as  high  as  of  tha  MPC.  Inhalation  is 
tha  suggastad  noda  of  antry  at:d,  if  rasuspanslon  in  dusty  araas  is  affactiva,  it 
vay  ba  that,  in  tlM,  plutonium  concantratlons  in  tha  body  could  ba  comparabla  to 
thosa  of  strontium-90. 

Susmary  of  Past  Tasts 

Tab la  XXIV  shows  a  siiaatry  of  tha  radiation  axposuras  from  nuclaar  waapons 
tasts.  It  is  saan  that  during  tasting  yaars,  tha  annual  axposura  haa  raachad  aa 
high  as  ona- fourth  tha  background  lava  Is  of  radiation.  During  tha  thirty  >  9ar 
pariod  from  1995  tha  who  la  b.^y  dosa  accumulatad  is  about  2}%  of  tha  background. 

Tha  30  year  whola  body  dosa  is  considered  to  be  the  dose  of  genetic  significance 
for  any  one  generation.  The  lifetime  dose  from  strontium-90  to  the  moat  suscaptable 
elemert  of  the  population  (children  bom  in  is  seen  to  ba  less  than  of  the  RPO. 

If  the  whole  body  dose  is  added  to  this  amount,  the  bone  dose  rasiains  lass  than 
1%  of  the  RPO*  It  is  evident  that  the  total  affective  dose  froai  world-wide  fallout 
is  quite  small  even  when  compared  to  the  fluctuations  in  the  natural  background 
exposure  from  organ  to  organ  within  the  body  and  from  place  to  place  on  the  ground. 
Figure  63  shows  graphically  that  radiation  exposure  from  world-wide  fallout  produced 
by  past  nuclear  tests  falls  at  tha  bottom  of  tha  radiation  axposura  spactrum. 

*but  may  be  about  2%  of  the  RPG  for  bone  marrow  (170  mllllrem/year) 
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TABU  XXIV 


RADIATIOir  IXP08UM  FROM  NUCLSiAR  VOAPONS  TESTS 
(In  BllllrM) 


Whole  body  dose  from: 

1959 

1955- 1985 

1955-2025 

(1  yr) 

(30  yr) 

(70  yr) 

Internal  C-14 

0.4 

5 

8 

Internal  Cs-137 

2 

20 

30 

Ixternal  Cs-137 

1 

20 

30 

External  Zr,  Ru,  Ce 

20 

30 

30 

Total 

23 

75 

98 

Natural  Background 
(cosmic  rays,  rocks,  etc.) 

100 

3,000 

7,000 

Additional  bone  dose  to 
children  from: 

Internal  Sr®® 

7 

75 

103 

Population  RPG  for  Sr 

600 

15,000* 

35,000* 

tlntake  guldanca  provided  by  the  PRC  is  based  upon  1/3  of  the  RPC 
•  The  RPG  is  not  usually  applied  to  periods  greater  than  one  year 

rUTURl  TESTS 

Ihe  questions  Is  often  asked,  "what  exposure  can  be  expected  If  weapons  test¬ 
ing  were  to  be  resumed?"  While  It  Is  Impossible  to  predict  the  course  weapons 
testing  might  take,  It  may  be  Instructive  to  estimate  the  ultimate  levels  of 
exposure  which  might  be  expected  If  the  testing  pattern  of  the  years  1953-1958 
were  to  bo  repeated  Indefinitely.  The  most  evident  consequence  of  such  a  sltu- 
a  tlon  Is  that  the  exposure  levels  would  not  continue  to  rise  Indefinitely,  rather, 
they  would  tend  to  level  off  at  some  equilibrium  value.  One  reason  for  this  is 
the  fact  that  part  of  the  exposure  Is  proportional  to  the  rate  of  fallout  and 
consequently  If  one  has  a  steady  fallout  rate  one  will  have  a  steady  exposure 
level.  In  other  words,  a  portion  of  the  radioactive  material  has  only  a 
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fle«tinc  opportunity  to  produce  expoeure  before  it  le  effectively  reaoved  froa  the 
biosphere.  Since  the  rate  dependent  exposure  Is  sssocisted  with  foliar  deposition 
and  since  plant  harvesting  responds  to  annual  seasonal  cycles,  It  Is  appropriate 
to  conalder  a  one  year  tine  span  as  the  Interval  of  Importance  In  calculating  the 
rate  effect. 

Another  characteristic  of  fallout  that  prevents  exposure  levels  from  rising 
Indefinitely  under  continued  testlno;  is  that  of  radioactive  decay.  Sone  shorter 
lived  elements  will  have  decayed  almost  completely  by  the  end  of  one  year.  Others 
such  as  strontlum-90  and  ceslum-137  will  Increase  in  quantity  until  their  ultimate 
accumulation  Is  about  10  times  their  average  annual  production.  Carbon-11  would 
have  an  equilibrium  Inventory  equal  to  about  8000  times  the  average  annual  production. 
Since  the  bulk  of  the  past  tests  occurred  during  a  5  year  period,  the  ultimate  annual 
exposure  rate  from  accumulated  strontluin-90  and  ceslun-137  would  be  about  8  times 
that  due  to  the  accumulated  fraction  of  these  elements  from  pest  tests.  For 
earbon-14  It  would  be  1600  times,  although  the  equilibrium  point  would  not  be  approached 
for  centuries. 

Table  ZXV  shows  a  rough  estimate  of  expected  equilibrium  exposure  levels  expressed 
In  mllllrem  per  year  that  might  be  expected  under  Indefinite  testing  similar  In 
character  and  amount  to  that  conducted  In  the  past.  The  figures  In  the  table  actu¬ 
ally  represent  an  upper  limit  to  the  exposure  since  they  are  based  on  the  1959 
exposure  levels  showTi  In  Table  XXIV.  The  fallout  rate  In  1959  was  greater  than  at 
any  other  time  In  the  past,  so  the  results  given  here  are  somewhat  conservative  since 
they  overestimate  the  exposure  to  some  extent.  ITie  1959  exposure  Is  divided  Into 
fractions  due  to  accumulation  and  rate.  For  Internal  strontlum-90  and  ceslum-137  about 
two-thirds  Is  attributed  to  rate.  For  carbon-11  the  exposure  Is  all  attributed  to 
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TABLI  XXV 


ANNUAL  RADIATION  EXPOSURE* 


PAST  TESTS  (1959) 


CONTINUED 


Rate  Accumulation  Rate 


Internal 

C-14 

i 

.016 

Internal 

Ca-137 

1 

i 

External 

Ca-137 

0 

1 

External 

Zr,  Ru,  Ce 

18 

2 

Whole  Body  Total 

5 

1 

0 

18 


24 


Internal  Sr-90 


4  ♦ 


♦  In  millireui/year 
**  not  included  In  total 


TESTS 

Accumulation 

(25)** 

1 

8 

3 _ 

15  =  39 


20  K  24 
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r«t«  sine*  only  a  asall  fraction  of  the  carbon‘-14  has  boon  Incorporatod  Into  tho 
largo  ocoanlc  roaorvolr.  Aasunlng  a  aoan  uptako  rosldonco  tlno  Into  this  rosorvolr 
of  about  50  years,  tho  carbon'-14  rato  oxposuro  could  Incroaso  to  S  nr/yr.  Tho 
ovontual  accunulatlon  oxposuro  duo  to  carbon-14  could  roach  as  high  as  25  nr/yoar 
but  It  would  tako  nany  thousands  of  years  to  do  ao.  Howovor,  within  the  next 
century,  this  factor  would  bo  lose  than  1  nr/yoar,  consequently,  it  is  not  Included 
In  tho  total.  External  Ca-137  exposure  is  considered  to  be  nainly  duo  to 
accunulatlon.  The  shorter  lived  olonents  are  considered  nainly  rata  dependent  here 
because  their  half  lives  are  abort  coopared  to  the  yearly  tine  Interval  used.  Only 
Ru-106  and  Ce-144  have  nean  lives  greater  than  one  year.  These  two  elenents  would 
therefore  contribute  a  snail  fraction  of  the  exposure  in  the  succeeding  year. 

It  can  be  seen  from  the  table  that  the  ultinate  whole  body  dose  could  reach 
an  upper  linit  of  about  40  nilliron  per  year  which  conparos  with  the  Radiation 
Protection  Guido  of  170  nilliron  per  year.  An  additional  dose  to  the  bones  of  25 
nilliron  per  year  could  be  expected  fron  strontlua-90.  This  nay  be  coopared  with 
the  strontlua-90  Radiation  Protection  Guide  of  500  nilliron  per  year.  In  general 
it  is  concluded  that  continued  testing  at  the  past  rate  would  cause  equilibriun 
exposure  levels  to  be  about  throe  tines  the  1959  la /el.  If  testing  wore  to  bo 
conducted  for  many  thousands  of  years,  additional  carbon-14  acomul&tion  could  raise 
the  equilibrium  exposure  level  to  four  tines  that  of  1959.  In  any  case,  the  added 
amount  would  be  considerably  less  than  the  present  natural  background  radiation 
exposure  levels. 

It  should  be  pointed  out  that  the  above  results  would  be  altered  if  the  rate 
or  character  of  testing  were  changed.  If  the  rate  were  doubled,  the  exposure  would 
double.  If  low  atnospherlc  explosions  were  changed  to  upper  atmosphere  or  near 
outer  space  exploelons,  the  longer  residence  tine  in  the  mesophere  would  eliminate 
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exposure  from  the  short  lived  elements  but  would  reduce  the  exposure  from  strontlum- 
90,  ceslua-137  and  csrbon-14  no  more  then  50%.  If  low  sir  bursts  were  changed  to 
surface  bursts  In  remote  regions  much  of  the  world-wide  fallout  mateilal  would 
be  scavenged  Into  local  fallout  to  be  deposited  outside  of  the  ecological  reaches 
of  mankind.  Deep  underground  testing  could  further  reduce  the  exposure  by  a 
substantial  amount. 
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Chapter  XII 


CONCLUSIONS  AND  FUTURE  WORK 

General 

The  High  Altitude  Saapllng  Program  has,  to  date,  provided  the  most  detailed 
and  extensive  study  of  radioactive  material  In  the  stratosphere  carried  on  anywhere 
In  the  world.  Over  100  million  standard  cubic  feet  of  stratospheric  air  have  been 
sampled.  The  program  has  fulfilled  the  task  It  set  out  to  do,  namely,  to  determine 
the  role  played  by  the  stratosphere  In  t..e  world-wide  distribution  of  radioactive 
debris  from  low  ataospherlc  weapons  testing.  The  basic  concept  of  the  meridional 
network  has  been  shown  to  be  sound.  Sampling  In  this  network  has  provldcsd  Inventories 
and  distributions  of  material  which  help  explain  the  major  features  of  surface  fallout 
noted  by  other  programs  both  here  and  abroad.  The  U-2  can  sample  a  major  fraction  of 
the  stratosphere  and  good  extrapolation  may  be  made  from  balloon  data  up  to 
100,000  feet.  Considerable  Information  has  been  gained  on  the  fate  of  debris 
Injected  Into  the  mesosphere  above  150,000  feet. 

Rocallbratlon  of  Ducts 

Simultaneous  sampling  with  the  nose  and  hatch  ducts  revealed  an  apparent 
discrepancy  In  the  flow  rates  through  those  ducts.  The  20%  difference  was  reduced 
to  a  10%  difference  and  at  the  same  time  the  absolute  flow  rates  were  changed  in  such 
a  manner  as  to  Increase  the  total  Inventories  previously  calculated  by  8  to  13%. 

No  evidence  has  been  forthcoming  that  would  suggest  thst  the  assumed  filter  paper 
efficiency  of  100%  Is  substantially  wrong.  As  a  result  It  is  concluded  that, 
considering  variations  In  radiochemical  reproducibility,  variations  In  paper  weight, 
non-uniformity  of  debris  within  the  stratosphere,  seasonal  movement  of  debris  within 
the  stratosphere,  and  lack  of  vertical  and  latitudinal  coverage,  the  absolute  HASP 
Inventories  are  good  to  >  20%  and  the  relative  values  of  various  averaged  measurements 
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such  ss  Ce-14VSr-90  ratios  in  any  region  at  one  time  are  good  to  *  lOX.  The 
problem  of  accounting  for  the  outstanding  10%  difference  of  flow  rates  between  nose 
and  hatch  samples  remains  unresolved.  Inventories  based  on  both  samplers  are 
calculftled  as  If  there  were  no  differences  between  them. 

Stratospheric  Measurements 

The  stratospheric  measurements  of  a  number  of  radionuclides  has  produced  a  set 
of  data  which  Is  remarkably  consistent  Internally.  These  data  allow  a  detailed 
picture  of  mixing  and  transfer  motions  within  and  departing  from  the  stratosphere 
to  be  constructed.  An  eddy  or  turbulent  diffusion  model  of  mixing  supplies  a  simple 
explanation  of  the  major  features  of  the  motion.  Vertical  diffusion  proceeds  at  a 
lesser  rate  than  does  latitudinal  diffusion  and  both  are  subject  to  variations  In 
magnitude  at  different  locations  and  with  changes  In  season.  Large  scale  meridional 
circulations  as  a  transport  mechanism  seem  to  be  ruled  out  by  the  HASP  data. 

The  effective  residence  time  for  debris  injected  at  various  places  within  the 
stratosphere  is  now  fairly  well  documented  as  are  the  conditions  leading  to  exit 
from  the  stratosphere.  While  the  relative  Importance  of  the  various  mechanisms  which 
have  been  suggested  for  stratospherlc^tropospherlc  Interchange  have  not  been  determined, 
stratospheric  measurements  are  consistent  with  the  temporal  and  latitudinal  distri¬ 
bution  noted  on  the  ground. 

Fallout  From  Teak  and  Orange 

Perhaps  the  most  Important  result  of  HASP  has  been  the  measurement  of  the 
content  and  rate  of  removal  of  weapon  debris  from  the  stratosphere.  In  time, 
however,  the  same  values  could  have  been  determined  by  surface  sampling.  One  result 
that  the  HASP  program  has  provided  that  surface  sampling  alone  probably  could  not 
have  provided  is  the  fact  that  debris  from  the  mesosphere  has  a  half  residence 
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time  of  about  5  years  and  that  seasonal  efflux  In  the  polar  regions  provides  the 
main  avenue  of  escape  for  this  material.  The  most  significant  conclusion  to  be 
drawn  from  the  Teak  and  Orange  data  Is  that  placing  debris  from  weapons  teats  In  the 
very  top  of  the  atmosphere  will  not  substantially  reduce  the  population  dose  from 
this  material.  While  the  S  year  residence  time  Is  sufficiently  lung  to  eliminate 
the  shorter  lived  radionuclides,  which  account  for  one-third  to  one-sixth  of  the 
population  dose,  It  Is  not  long  enough  to  reduce  the  population  dose  from 
strontlum-90  and  ceslum-137  by  more  than  20%.  In  fact,  it  can  be  shown  rather 
conclusively  that  a  weapon  burst  on  a  land  surface  In  tne  Pacific  Ocean  under 
conditions  similar  to  many  of  the  HARDTACK  shots  will  produce  less  significant 
world-wide  fallout  than  the  same  weapon  burst  at  any  altitude  short  of  deep  outer 
space.  The  reason  for  this,  of  course.  Is  that  more  debris  can  bo  scavenged  Into 
local  fallout  from  a  land  surface  burst  than  can  be  expected  to  decay  during  Its 
sojourn  in  the  upper  atmosphere. 

Fallout  Dose  to  Man 

While  the  ultimate  measure  of  the  population  dose  whl 'h  fallout  materials  may 
be  expected  to  produce  can  be  provided  only  by  measurements  on  the  surface  and  in 
the  biosphere,  proper  prediction  of  this  dose  depends  upon  a  knowledge  of  the 
amounts  of  debris  available  for  future  fallout  and  the  rates  at  which  this  will 
occur.  HASP  has  provided  a  great  deal  of  Information  on  these  latter  two  topics. 
Considerable  confidence  can  be  placed  In  the  prediction  that  surface  concentrations 
of  strontium-90  and  ceslum-137  will  begin  to  diminish  by  late  1961.  Since  concen¬ 
trations  of  these  materials  in  food  depend  on  fallout  rate  as  well  as  total 
accumulation,  the  reduction  in  fallout  rate  in  late  1959  engendered  a  concomitant 
reduction  of  concentrations  of  strontlum-90  and  ceslum-137  In  food  and  Ir  people. 
However,  due  primarily  to  dietary  habits  there  was  a  time  lag  of  as  much  as  a  year 
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before  this  drop  was  reflected  In  the  Internal  cesliui-137  concentrations  In  people. 

Finally,  It  Is  concluded  that  the  expected  population  dose  froo  world-wide 
fallout  Is  1  ns  1  frnlf leant ly  small.  The  30  year  genetically  significant  whole  body 
dose  will  be  less  than  3%  of  the  ubiquitous  natural  backgroun'^  radiation.  The 
70  year  bone  dose  from  stron^lua-90  and  other  radiations  will  be  no  mere  than 
2%  of  the  Radiation  Protection  Guide  In  that  segment  of  the  population  most 
susceptible  to  the  radiation,  viz.,  children  born  In  1958.  These  percentages  are 
smaller  than  the  fluctuations  in  the  natural  background  exposure  fror  organ  to 
organ  within  the  body  and  from  place  to  place  on  the  globe. 

Future  Work 

The  HASP  program,  as  such,  concluded  Its  sampling  program  In  June  1960.  The 
final  report  of  this  program  (DASA  1300)  will  be  completed  by  Isotopes,  Incorporated 
by  August  1961.  Since  June  1960  the  HASP  effort  has  merged  with  the  cooperative 
[KX)-A£C  aircraft  sampling  program  operated  by  the  United  States  Air  Force.  Con¬ 
tinued  spot  checks  have  been  made  In  Australia  (Crowfllght  Phases  VI  and  VII)  and 
elsewhere  during  November  1960  and  May  1962.  Limited  sampling  of  stratospheric  dust 
has  been  conducted  on  a  continuous  basis  since  June  1960. 

Commencing  in  June  1961  limited  HASP-llke  sampling  was  reactivated  at 
Laughlln  AFB,  Texas.  This  program,  under  the  nickname  of  STAR  DUST,  will  extend 
the  spot  checks  over  a  longer  period  of  time  in  the  mid-latitude  regions.  While 
the  sampling  will  be  more  limited  In  extent  than  was  the  HASP  program.  Its 
analytical  effort  will  be  expanded  In  scope.  Its  major  goals  are:  to  extend  the 
HASP  correlation  with  other  sampling  data,  to  elucidate  further  the  fate  of  debris 
from  Teak  and  Orange,  and  to  provide  a  semi-empirical  formulation  for  predicting 
fallout  levels  and  population  doses  to  be  expected  from  the  release  of  fission  pro¬ 
ducts  in  any  region  of  the  atmosphere  as  the  result  of  the  use  of  atomic  energy 
in  weapons  or  aerospace  applications. 


APPBMDU  I 


U-2  OPERATIONS 


Considerable  Interest  has  been  shown  in  the  operational  aspects  of  gathering 
the  HASP  samples  with  U-2  aircraft.  It  Is  therefore  appropriate  to  provide  here 
an  Illustrated  description  of  a  typical  mission. 

As  is  usual  in  the  Air  Force,  the  mission  really  starts  a  few  daj  before  take 
off.  Extensive  planning  is  necessary  to  Insure  the  success  of  the  mission,  si  nee  he  must 

act  as  pilot,  radio  operator,  navigator,  flight  engineer,  and  survival  expert  as 
well  as  scientific  observer,  each  moment  of  the  flight  and  each  action  the  pilot 
must  take  la  detailed  In  advance.  Since  celestial  navigation  is  conducted,  the 
sextant  angles  are  precomputed  based  on  forecast  take-off  time,  winds  aloft,  e:;|x.-cted 
time  of  observation  and  expected  true  air  speed.  Then  lines  of  position  are  drawn 
on  a  strip  map  of  the  route  on  the  basis  of  these  preconi))u ted  angles.  Corrections 
to  these  LOP's  are  also  indicated  if  the  sight  is  eventually  taken  a  specified 
period  of  time  early  or  late.  In  addition  a  composite  navigation,  communication  and 
aircraft  log  is  prepared  along  with  the  HASP  flight  data  card.  When  Air  Rescue 
Support  Is  to  be  utilized  in  the  mission,  extensive  coordination  of  emergency  and 
communication  procedures  takes  place. 

Several  hours  before  the  U-2  pilot  is  awakened  for  an  early  breakfast,  the  Air 
Rescue  aircraft  takes  off  and  proceeds  aUng  the  course.  Since  the  U-2  flies  about 
twice  as  fast  as  the  Air  Rescue  aircraft,  this  procedure  allows  maximum  coverage 
of  the  U-2's  route.  On  the  day  of  the  mission  the  pilot  must  prebreathe  oxygen 
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for  sevoral  hours  prior  to  take  off.  This  procedure  prevents  decompression  sickness 
If  the  U-2  cabin  becomes  depi'essurlzed  during  the  flight.  Considerable  precautions 
are  taken  to  Insure  that  the  pilots  personal  equipment  and  survival  gear  are  In  the 
proper  condition.  A  partial  pressure  suit  Is  worn  In  case  of  cabin  depressurization 
since  exposure  to  the  ambient  pressure  at  70,000  feet  would  be  fatal  within  minutes. 
Since  the  pilot  Is  subjected  to  considerable  physical  stress  during  the  prolonged 
flight  at  high  altltifle,  a  careful  examination  Is  made  by  the  Flight  Surgeon  prior 
to  take  off  and  after  landing.  In  the  meantime  the  filter  papers  are  Inserted  In 
their  holders  and  Installed  In  the  changer.  This  mechanism  then  receives  a  last 
minute  operational  check. 

When  the  flight  la  ready  to  go.  the  pilot  Is  assisted  aboard.  His  personal 
equipment  is  rechecked  and  the  aircraft  Is  Inspected  by  another  pilot.  A  portable 
oxygen  bottle  is  used  while  boarding  the  aircraft  to  en.  e  the  efficacy  of  the 
prebreathing. 

At  the  appointed  time  the  pilot  starts  his  engine  and  proceeds  to  the  runway. 
After  aligning  the  aircraft  for  take  off,  a  ground  crewman  removes  the  safety  pins 
from  the  outrigger  gear  which  keep  the  wing  tips  off  the  ground.  During  the  take-off 
roll  the  wings  flex  upward  and  the  outriggers  fall  off.  The  pilot  then  climbs 
abruptly  to  the  sampling  altitude. 

While  flying  the  sampling  route  the  pilot  maintains  his  logs  and  flight  data 
card  and  periodically  changes  the  filter  papers.  He  slso  sends  position  reports 
to  the  ground  stations  and  maintains  radio  contact  with  the  Air  Rescue  aircraft. 

The  Air  Rescue  aircraft  has  a  para-medical  team  to  assist  the  pilot  If  he  goes  down. 
In  addition  this  aircraft  provides  normal  communications  and  navigational  assistance 


as  well  as  emergency  assistance. 


At  the  end  of  the  route  the  U-2  pilot  reverses  course  and  changes  altitude 


to  sample  Inbound.  The  Air  Rescue  aircraft  usually  reverses  course  at  about  the 
same  time.  At  the  end  of  the  flight  the  aircraft  Is  stopped  with  the  aid  of  a 
drag  chute  and  the  outriggers  are  reinstalled  prior  to  abandoning  the  runway.  Wing 
tip  skids  protect  the  aircraft  If  the  wings  tip  down  before  It  stops.  A  complete 
debriefing  of  the  pilot  Is  accomplished  and  the  exposed  filter  papers  are  removed 
and  placed  Into  mailing  envelopes.  The  mission  Is  over  when  the  Air  Rescue  aircraft 
returns,  usually  a  few  hours  after  the  U-2. 
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APPENDIX  II 


CONVENIENT  CONVERSION  FACTORS  AND  CONSTANTS 


Atao sphere 


Mass  of  Mesosphere 

4.32 

X 

10^5 

= 

1.24 

X 

14 

10 

1000 

scf 

Mass 

of  Stratosphere 

9.40 

X 

10^^ 

Kg  = 

2.70 

X 

lo'® 

1000 

scf 

Mass 

of  Atmosphere 

5.26 

X 

10^8 

Kg  = 

1.51 

X 

10^^ 

1000 

scf 

Air  Density  at  273°  K,  76  cm  Hj;  1.293  Kg/m^  =  0.0807  Lh/ft^ 

Air  Density  at  288°  K,  76  cm  Hj  1.226  Kg/m^  =  0.0765  Lb/ft^ 

1  Atmosphere  =  1013  mb  =  1034  cm  H  O  =  76  cm  Hg  =  2116  psf 
1000  scf  =  34.7  Kg  =  76.5  Lb  =  28.3  m^ 

Radioactivity 

1  dPU/1000  scf  =  28.8  x  lO"^  dpm/Kg  =  0.0354  dpm/m^ 

1  dpm  =  0.45  4  M.curies 

Earth 

Surface  Area  =  1.97  x  10®  mi^  =  5.06  x  10^^* 
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APPINDIX  111 


Sunaary  of  Nuclear  Deton»tlon« 

The  fol lowing  list  of  nuclear  detonations  has  been  compiled  by  Telejadas  principally 
from  press  releases  of  the  United  states  Atomic  Energy  Commission  Public  Information 
Service.  However,  reports  In  government  publications  and  by  government  officials  as 
to  the  size,  type,  cloud  height,  etc.,  of  various  explosions  have  been  Included  when 
available.  Press  or  unofficial  estimates  have  not  been  Included.  Additional 
Information  Is  contained  In  HASL  111,  April  1961. 

The  ASC  has  pointed  out  that  this  country  does  not  disclose  all  of  the  USSR 
shots  of  which  it  has  knowledge  but  limits  Itself  to  statements  about  explosions  of 
special  Interest.  The  actual  number  of  Soviet  detonations  Is,  therefore,  higher 
than  those  announced.  Similarly,  not  all  of  the  detonations  by  this  country  have 
been  announced.  The  United  Xingdom  and  Republic  of  Prance  detonations  are  under¬ 
stood  to  be  the  total  number  made  by  those  countries. 

The  total  fission  yield  in  kllotuns  from  testing  through  1958  Is  given  below; 


YEAR 

US  b  UK 

USSR 

1945 

60 

194G 

40 

1943 

100 

1949  -  51 

500 

60 

1952  -  54 

37,000 

500 

1955  -  56 

9,200 

4,000 

1957  -  58 

19,000 

21,000 
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Listed  below  are  the  approximate 


test  sites: 

U.S. 

Nevada  Test  Site  (NTS),  U.S. A.  - 

Sniwetok  Provint;  Ground  (EPG) ,  Pacific 

Eniwetok  - 

Bikini  - 

Johnston  Island,  Pacific  - 

U.K. 

Monte  Bello  Islands,  Australia  - 

Woonera,  Australia  - 

Maralinga  Provintf  Ground,  Australia  — 
Christmas  Island,  Pacific  - 

U.S.S.R. 

Arctic  Test  Site  - 

Siberian  Test  - 

U.S.S.R. - - - - - 


Republic  of  Prance 


Reggan,  Sahara  Desert 


and  longitudes  of  the  various 


o  o 
31  N  116  W 

11°N  162°I 
11°N  165°E 
17°N  169®W 

20°S  115°1 
31°S  137°1 
30°S^131°1 
2®N  ’~7®W 

75®N  55®1 
(Novaya  Zemlya) 

52®N  78®K 

denotes  the  explosion 
was  in  Soviet  terri¬ 
tory,  the  test  site 
was  not  given. 
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